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(54) ZOOM LENS 
(57)Abstract: 

PURPOSE: To provide a compact zoom lens having well compensated chromatic 
aberration by compensating the variation of the position of an image plane at the time 
of power variation due to the movement of a second lens group by using a partial lens 
in a third lens group or a fourth lens group and satisfying a specified condition. 
CONSTITUTION: This zoom lens is a lens system for compensating the variation of 
the position of an image plane at the time of power variation due to the movement of 
a second negative lens group by using a part of lenses in a third lens group or a 
fourth lens group. The conditional relations: (1) 0.25 <1/ ( V d)1n<0.04, (2) 0.005<( A 9 
gd)1n<0.02, (3) 0<1/(2/d)1p<0.0166 are satisfied. In the relations, A d gd is the 
difference of ordinates from a line connecting K7 to F2 on the graph of 6 gd- V d by 
representing the Abbe number of glass for a d-line by V d and a partial dispersion 
ratio for a Lg line and the d-line by 6 gd, ( A 6 gd)1n, is the average value of A 6 gd 
of glass used for a negative lens composing the first positive lens group and ( V d)1p, 
( V d)1 n are the average values of V d of glass used for a positive lens and a negative 
lenses composing the first lens group. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The 1st lens group which has forward refractive power sequentially from a 
body side, and the 2nd lens group which moves in accordance with an optical axis on 
the occasion of zooming with negative refractive power, and carries out a variable 
power operation, It consists of the 3rd lens group with forward refractive power, and 
the 4th lens group of forward refractive power. The zoom lens which is satisfied with 
the lens system which amended fluctuation of the image surface location at the time 
of the variable power by migration of said 2nd lens group using some lenses in said 
3rd lens group, said 4th lens group, or these lens group of the following conditions (1), 
(2), and (3). 

(1) 0.25 — < — 1/(nud) 1 — n< 0.04 (2) -0.005<(deltathetagd) 1 — n< 0.02 (3) 0 — < 
— 1/(nud)1p<0.0166, however deltathetagd — the Abbe number of d line of ** 
material — nud ** — it carrying out and the partial dispersion ratio to g line and d 
line thetagd-nud when referred to as thetagd The difference of **** from the straight 
line which connects K7 and F2 on a graph, (deltathetagd) The average of deltathetagd 
of the ** material used for the negative lens which constitutes the 1n of the 1st lens 
groups, and 1 (nud)p and 1 (nud)n are nud of the ** material used for the positive lens 
and negative lens which constitute the 1st lens group, respectively. It is the average. 
[Claim 2] The 1st lens group which has forward refractive power sequentially from a 
body side, and the 2nd lens group which moves in accordance with an optical axis 
with negative refractive power in the case of zooming, and carries out a variable 
power operation, It consists of the 3rd lens group with forward refractive power, and 
the 4th lens group with forward refractive power. The zoom lens which is satisfied 
with the lens system which amends fluctuation of the image surface location at the 
time of the variable power by migration of said 2nd lens group using some lenses of 



said 3rd lens group, said 4th lens group, or these lens group of the following 
conditions (4), (5), (6), and (7). 

(4) 0.014<1/(nud)2n<0.017 (5) -0.01<(deltathetagd)2n<0.01 (6) 0.030<1/(nud)2p (7) 
0.015<(deltathetagd) 2p, however deltathetagd the Abbe number of d line of ** 
material nud thetagd-nud when carrying out and setting the partial dispersion ratio to 
g line and d line to thetagd The difference of **** from the straight line which 
connects K7 and F2 on a graph, (deltathetagd) The average of deltathetagd of the ** 
material used for the positive lens and negative lens which constitute the 2nd lens 
group 2p and 2 (deltathetagd)n, respectively, and 2 (nud)p and 2 (nud)n are nud of the 
** material used for the positive lens and negative lens which constitute the 2nd lens 
group, respectively. It is the average. 

[Claim 3] The 1st lens group which has forward refractive power sequentially from a 
body side, and the 2nd lens group which moves in accordance with an optical axis on 
the occasion of zooming with negative refractive power, and carries out a variable 
power operation, It consists of the 3rd lens group with forward refractive power, and 
the 4th lens group with forward refractive power. The zoom lens which is satisfied 
with the lens system which amends fluctuation of the image surface location at the 
time of the variable power by migration of said 2nd lens group using some lenses of 
said 3rd lens group, said 4th lens group, or these lens group of the following 
conditions (8), (9), (10), and (11). 

(8) 0.020<1/(nud)34n < — 0.033 (9) -O.OK(deltathetagd) 34 — n < 0.01 (10) 0 — < — 
1/(nud) 34 — p < 0.0166 (1 1) 0.02<(deltathetagd) 34p, however deltathetagd — the 
Abbe number of d line of ** material — nud ** — it carrying out and the partial 
dispersion ratio to g line and d line thetagd-nud when referred to as thetagd The 
difference of **** from the straight line which connects K7 and F2 on a graph, 
(deltathetagd) 34p and 34 (deltathetagd)n The average of deltathetagd of the ** 
material used for the positive lens and negative lens which constitute the 3rd lens 
group and the 4th lens group, (nud) 34p and 34 (nud)n nud of the ** material used for 
the positive lens and negative lens which constitute the 3rd lens group and the 4th 
lens group, respectively It is the average. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the zoom lens which has the optimal 
high optical-character ability for the electronic camera using the image sensor with 
many pixels suitable for the application which captures the electronic camera which 



used the camera tube, a solid state image sensor, etc., especially a highly minute 

image in recent years. 

[0002] 

[Description of the Prior Art] Generally, in order that an electronic camera may 
change an optical image into an electronic signal using the small camera tube and the 
small solid state image sensor of image pick-up area, a lens system bright as an 
image pick-up lens used for this is needed. Moreover, it will be necessary to arrange 
optical elements, such as optical members, such as a low pass filter and an infrared 
cut filter, and the so-called color-separation prism which leads the flux of light to 
each image sensor like the so-called multi-plate type electronic camera which 
receives each image of RGB three primary colors with each image sensor, between a 
lens system and an image sensor, and a big back focus is needed for it as compared 
with a focal distance. 

[0003] Furthermore, in these cameras, there are many applications which photo a 
dynamic image and it is common to use the zoom lens of the rate of high variable 
power as a taking lens. 

[0004] As a lens system with which are satisfied of these demands, it has forward 
refractive power sequentially from a body side. The 1st lens group of immobilization in 
the case of zooming, The 2nd lens group which has the negative refractive power 
which moves in accordance with an optical axis on the occasion of zooming, and has a 
fluctuation operation, and the 3rd lens group which has the operation which moves 
forward and backward on the occasion of zooming, amends fluctuation of the image 
surface in the case of variable power, and is kept constant, 4 group zoom lens which 
consists of the 4th lens group with the forward refractive power which has the image 
formation operation by immobilization on the occasion of zooming is known. 
[0005] As an object for camcorders, sequentially from a body side, it has forward 
refractive power and zooming is faced in recent years. Moreover, the 1st lens group 
of immobilization, The 2nd lens group with the negative refractive power which moves 
in accordance with an optical axis on the occasion of zooming, and has a variable 
power operation, 4 group zoom lens which consists of the 4th lens group with the 
forward refractive power which has the 3rd lens group of immobilization, the operation 
which moves forward and backward on the occasion of zooming, amends fluctuation 
of the image surface in the case of variable power, and is kept constant, and an image 
formation operation on the occasion of zooming, Sequentially from a body side, it has 
forward refractive power. The 1st lens group of immobilization in the case of zooming, 
The 2nd lens group with the negative refractive power which moves in accordance 
with an optical axis in the case of zooming, and has a variable power operation, 4 
group zoom lens which consists of the 3rd lens group with the forward refractive 
power which has the operation which moves forward and backward on the occasion of 
zooming, amends fluctuation of the image surface in the case of variable power, and is 
kept constant, and the 4th lens group with the forward refractive power which has an 



image formation operation by immobilization on the occasion of zooming is known. 
[0006] It became possible for very many solid state image sensors of the number of 
pixels to be developed by development of a manufacturing technology in recent years 
compared with the magnitude of the image pick-up range, for example, to obtain a 
high definition image like a Hi-Vision image especially. Therefore, the zoom lens which 
has the very high optical-character ability to which an image pick-up lens can also 
fully pull out the engine performance of this image sensor has been needed. Moreover, 
high resolution is needed and the demand of the optical-character ability to an image 
pick-up lens system is becoming still higher, so that a solid state image sensor 
becomes small, for example, the magnitude of each pixel of a solid state image sensor 
becomes small. 

[0007] As a zoom lens with which are satisfied of such a demand, the conventional 
example indicated by each official report of JP,62~153913,A, JP,1-126614,A, JP,6- 
56453 A and JP,6-175022,A is known. 
[0008] 

[Problem(s) to be Solved by the Invention] Although it was generally possible to make 
it the yield of the aberration in each refracting interface decrease by many carrying 
out count refraction of the beam of light, and carrying out image formation as little by 
little as possible in order to obtain high optical-character ability, there was a fault to 
which the lens of many number of sheets is inevitably needed in this case, 
consequently a lens system becomes large-sized. 

[0009] Moreover, in the case of a zoom lens, since there are many movable groups, 
the aberration fluctuation accompanying zooming arises. Therefore, ideally, in each 
lens group, if aberration is amended good, the aberration fluctuation in the case of 
zooming will not be produced, but it applies to a tele edge from a wide angle edge, and 
since how to pass along the beam of light in a lens system is not necessarily fixed, 
some aberration remains. In a zoom lens, if it is going to attain high optical-character 
ability, the aberration fluctuation by this residual aberration cannot be disregarded. 
Therefore, in a zoom lens, the lens number of sheets to constitute is increased, it 
applies to a tele edge from a wide angle edge, and complicated migration is carried out 
for a lens group, and since aberration fluctuation is amended, it enlarges. 
[0010] The demand which miniaturizes a photography camera and a lens system from 
the need of the camera which captures highly minute images, such as Hi-Vision, in 
recent years becoming common on the other hand, and it coming to be used in many 
fields, and using under various conditions is strong. Therefore, by the smallest 
possible lens number of sheets, it is an easy group configuration and must be made 
moreover more high optical-character ability. However, if lens number of sheets is 
lessened, although the means of adopting an aspheric lens can amend monochromatic 
aberration, such as spherical aberration, it is very difficult monochromatic aberration 
to amend chromatic aberration good with the combination of the lens of small number 
of sheets. 



[0011] The zoom lens indicated by JP,62-153913,B, JP.1-126614A JP,6-56453,A, 
etc. among the above-mentioned conventional zoom lenses is the lens system which 
attained high optical-character ability, in order to capture a high definition image, but 
its portable type type is also complicated while the lens system indicated by JP,1- 
126614,A, for example consists of five lens groups containing two compensators and 
is a complicated configuration with many lens groups. Moreover, although the lens 
systems indicated by JP,6-1 75022,A are 4 group configurations, axial overtone 
aberration cannot say that it is still amended fully. 

[0012] It is in offering the small zoom lens which amended the high optical-character 
ability this invention is a comparatively easy configuration, and there is little lens 
number of sheets, and optimal for the electronic camera using the camera tube, a 
solid state image sensor, etc., especially the electronic camera using the image 
sensor with many pixels suitable for the application which captures a highly minute 
image in recent years, especially, chromatic aberration good. 
[0013] 

[Means for Solving the Problem] The 1st lens group in which the zoom lens of this 
invention has forward refractive power sequentially from a body side, The 2nd lens 
group which moves in accordance with an optical axis on the occasion of zooming 
with negative refractive power, and carries out a variable power operation, It consists 
of the 3rd lens group with forward refractive power, and the 4th lens group of forward 
refractive power. It is characterized by being satisfied with the lens system which 
amended fluctuation of the image surface location at the time of the variable power 
by migration of said 2nd lens group using some lenses in said 3rd lens group, said 4th 
lens group, or these lens group of the following conditions (1), (2), and (3). 
[0014] 

(1) 0.25 — < — 1/(nud) 1 — n< 0.04 (2) -0.005<(deltathetagd) 1 — n< 0.02 (3) 0 — < 
— 1/(nud)1p<0.0166, however deltathetagd — the Abbe number of d line of** 
material — nud ** — it carrying out and the partial dispersion ratio to g line and d 
line thetagd-nud when referred to as thetagd The difference of **** from the straight 
line which connects K7 and F2 on a graph, (deltathetagd) The average of deltathetagd 
of the ** material used for the negative lens which constitutes the 1 n of the 1 st lens 
groups, and 1 (nud)p and 1 (nud)n are nud of the ** material used for the positive lens 
and negative lens which constitute the 1 st lens group, respectively. It is the average. 
[0015] Drawing 25 is thetagd-nud. It is a graph and Line A is a line which connects K7 
and F2 on this graph. Although not shown in this drawing, many of ordinary glass is 
mostly distributed according to this line as everyone knows. 

[0016] deltathetagd is thetagd-nud as mentioned above here. The amount of gaps of 
the vertical direction (the direction of an axis of ordinate) from a line to which the 
point on the graph of K7 (nd =1 .51 1 1 2, nud =60.5) and F2 (nd =1 .62004, nud =36.3) 
was connected in the graph is expressed. That is, the upper part or the line which 
carried out the parallel displacement only of the value of deltathetagd caudad is 



shown for the line A which connected the point K7 shown in drawing 25 , and the 
point F2. Therefore, for deltathetagd=0.04 of the upper limit of conditions (2), 
deltathetagd=0.025 of a line A1 and a minimum are a line A2. It hits. Moreover, 
conditions (1) will be set to 40>(nud)1n >25 if it is made into the inverse number, and 
a line B1 and a minimum are [ an upper limit ] line B-2 on a graph on a graph. It 
becomes. Therefore, when conditions (1) and (2) are doubled, they are a line A1, A2, 
B1, and B-2. The surrounded shadow area is within the limits of conditions (1) and 
conditions (2). That is, by this invention, if the negative lens in the 1st lens group 
averages, it means being contained within the limits of said strabism. 
[0017] Moreover, there are the following as a lens system of the configuration of the 
2nd of the zoom lens of this invention. In accordance with an optical axis, it moves 
with the 1 st lens group with forward refractive power sequentially from a body side 
with negative refractive power in the case of zooming. A variable power operation 
Namely, the 2nd lens group, It consists of the 3rd lens group with forward refractive 
power, and the 4th lens group with forward refractive power. It is the lens system 
which amends fluctuation of the image surface location at the time of the variable 
power by migration of said 2nd lens group using some lenses of said 3rd lens group, 
said 4th lens group, or these lens group, and is the zoom lens with which are satisfied 
of the following conditions (4), (5), (6), and (7). 
[0018] 

(4) 0.014<1/(nud)2n<0.017 (5) -0.01<(deltathetagd)2n<0.01 (6) 0.030<1/(nud)2p (7) 
0.015<(deltathetagd) 2p, however deltathetagd the Abbe number of d line of ** 
material nud thetagd-nud when carrying out and setting the partial dispersion ratio to 
g line and d line to thetagd The difference of **** from the straight line which 
connects K7 and F2 on a graph, (deltathetagd) The average of deltathetagd of the ** 
material used for the positive lens and negative lens which constitute the 2nd lens 
group 2p and 2 (deltathetagd)n, respectively, and 2 (nud)p and 2 (nud)n are nud of the 
** material used for the positive lens and negative lens which constitute the 2nd lens 
group, respectively. It is the average. 

[0019] Furthermore, there are some which are described below as a lens system of 
the configuration of the 3rd of the zoom lens of this invention. Namely, the 1st lens 
group which has forward refractive power sequentially from a body side and the 2nd 
lens group which moves in accordance with an optical axis on the occasion of 
zooming with negative refractive power, and carries out a variable power operation, It 
consists of the 3rd lens group with forward refractive power, and the 4th lens group 
with forward refractive power. The zoom lens which is satisfied with the lens system 
which amends fluctuation of the image surface location at the time of the variable 
power by migration of said 2nd lens group using some lenses of said 3rd lens group, 
said 4th lens group, or these lens group of the following conditions (8), (9), (10), and 
(11). 
[0020] 



(8) 0.020<1/(nud)34n < — 0.033 (9) -O.OK(deltathetagd) 34 — n < 0.01 (10) 0 — < — 
1/(nud) 34 — p < 0.0166 (11) 0.02<(deltathetagd) 34p, however deltathetagd — the 
Abbe number of d line of ** material — nud ** — it carrying out and the partial 
dispersion ratio to g line and d line thetagd-nud when referred to as thetagd The 
difference of **** from the straight line which connects K7 and F2 on a graph, 
(deltathetagd) 34p and 34 (deltathetagd)n The average of deltathetagd of the ** 
material used for the positive lens and negative lens which constitute the 3rd lens 
group and the 4th lens group, (nud) 34p and 34 (nud)n nud of the ** material used for 
the positive lens and negative lens which constitute the 3rd lens group and the 4th 
lens group, respectively It is the average. 

[0021] In order to attain a zoom lens with the small zoom lens for camcorders etc. 
Sequentially from a body side, it has forward refractive power and zooming is faced. 
As mentioned above, the 1st lens group of immobilization, The 2nd lens group with the 
negative refractive power which moves in accordance with an optical axis on the 
occasion of zooming, and has a variable power operation, 4 group zoom lens which 
consists of the 4th lens group with the forward refractive power which has the 3rd 
lens group of immobilization, the operation which moves forward and backward in the 
case of zooming, amends fluctuation of the image surface by variable power, and is 
kept constant, and an image formation operation on the occasion of zooming, 
Sequentially from a body side, it has forward refractive power. In the case of zooming 
The 1st lens group of immobilization, The 2nd lens group with the negative refractive 
power which moves in accordance with an optical axis in the case of zooming, and has 
a fluctuation operation, There is a 4 group zoom lens which consists of the 3rd lens 
group which has the operation which moves forward and backward on the occasion of 
zooming, amends fluctuation of the image surface in the case of variable power, and is 
kept constant, and has forward refractive power, and the 4th lens group which is 
immobilization in the case of zooming, has an image formation operation and has 
forward refractive power. 

[0022] Although the zoom lens of these former is an easy configuration and it is a 
zoom type suitable for the miniaturization which secured efficiently the tooth space 
from which a movable group is moreover moved, since the configuration number of 
sheets of each lens group is lessened in order to attain a miniaturization, and 
refractive power is strengthened, there is a fault from which aberration fluctuation 
becomes size. 

[0023] Therefore, the conventional example which was made to perform aberration 
amendment using the aspheric lens is increasing. However, there is no capacity for an 
aspheric lens to amend chromatic aberration although there is effectiveness in 
amendment of the monochromatic aberration, and the optical-character ability 
demanded as an image formation lens which captures a highly minute image cannot be 
attained only by using an aspheric lens. In order to amend chromatic aberration 
sufficiently good in a lens system with little above configuration number of sheets, it 



is necessary to choose the ** material to be used enough in consideration of an 
, optical property. 

[0024] The wavelength from which a film-based camera, an electronic camera, etc. 
are especially set as the amendment object of chromatic aberration reaches far and 
wide, the so-called amendment of a secondary spectrum must become very important, 
and the optical property of the ** material to be used must also fully take into 
consideration a refractive index and not only the Abbe number but an anomalous- 
scattering property. Amendment of the primary chromatic aberration which 
furthermore amends the chromatic aberration of C line and an F line, and a secondary 
spectrum, and amendment of chromatic aberration and amendment of the 
monochromatic aberration are difficult to be contradictory in many cases and to 
amend both good. 

[0025] This invention examines the optical property of the ** material used as a lens 
ingredient, and amends the monochromatic aberration, the primary chromatic 
aberration, a secondary spectrum, etc. good. 

[0026] In the zoom lens of this invention, the 1st lens group is applied to a tele edge 
from a wide angle edge, and since the behavior of the beam of light which passes a 
lens system is changed sharply, many aberration must be especially amended enough 
by the 1st lens group independent. Since the 1st lens group has forward refractive 
power when it thinks from a viewpoint which amends chromatic aberration, it is 
necessary to use the ** material of low distribution for a negative lens for the ** 
material of high distribution at a positive lens. However, amendment of the chromatic 
aberration by the combination of such ** material is amendment which makes equal 
chromatic aberration generated in the primary achromatism, i.e., C line and an F line, 
and is not effective in amendment of a secondary spectrum, and ** material is limited 
further. 

[0027] Like the zoom lens of this invention, in order that the secondary spectrum in 
short wavelength regions, such as g line, may usually pose a problem and taking 
lenses, such as a film-based camera and an electronic camera, may amend the 
primary chromatic aberration, the chromatic aberration over g line is greatly 
generated in the forward direction. Therefore, in order to amend a secondary 
spectrum, it is necessary to return the chromatic aberration over g line to a negative 
direction. For that purpose, what is necessary is to make high relatively the refractive 
index to g line of a positive lens, or just to make low relatively the refractive index to 
g line of a negative lens. 

[0028] What is necessary is here, just to make the value of deltathetagd into 
smallness, in order to make the value of deltathetagd into size in order to make the 
refractive index of g line high relatively, and considering deltathetagd which shows the 
anomalous-scattering nature in the short wavelength region of ** material to make 
the refractive index of g line low relatively again. That is, a positive lens makes the 
value of deltathetagd size and a negative lens should just make the value of 



deltathetagd smallness. This condition is not acquired with the relation between 
behavior of the chromatic aberration of the whole lens system, and the refractive 
index to g line, and is not related to the positive/negative of a lens group. 
[0029] Next, if a glass map is examined, the value of deltathetagd of the high- 
dispersion glass material with the small Abbe number is size, and deltathetagd will 
decrease as the Abbe number becomes large. And if it classifies roughly, about, 
deltathetagd becomes a value near 0 about nud =35, and two kinds, the so-called 
Normal glass with the small value of |deltathetagd| and the lanthanum system glass in 
which deltathetagd has a negative big value, are distributed before about nud =60. 
Although Normal glass exists up to the d = nu70 neighborhood about, if it becomes an 
about big value from the d = nu63 neighborhood, the so-called anomalous dispersion 
glass with the big value of deltathetagd comes to be distributed. 
[0030] In the lens system of this invention, although it is desirable for the primary 
color correction to use high-dispersion glass material as for the negative lens in the 
1st lens group, since deltathetagd becomes size too much, high-dispersion glass 
material is unsuitable to amendment of a secondary spectrum. As ** material used for 
the positive lens of a **** 1 lens group, although the so-called anomalous dispersion 
glass with the large value of deltathetagd is suitable by low distribution, since a 
refractive index becomes low, amendment of other monochromatic aberration 
becomes difficult. 

[0031] The above point is considered and it was made for the zoom lens of this 
invention to satisfy the aforementioned conditions (1), (2), and (3) for the 1st lens 
group. 

[0032] Although distribution of a negative lens becomes large and is desirable for the 
primary color correction when the upper limit of conditions (1) is exceeded, it 
becomes difficult to choose the ** material which satisfies the conditions (2) which 
are conditions for amending a secondary spectrum. Moreover, if the minimum of 
conditions (1) is exceeded, distribution of a negative lens will become smallness, the 
primary color correction becomes difficult, and the chromatic aberration of the scale 
factor especially in a wide angle edge will remain greatly. 

[0033] If the upper limit of conditions (2) is exceeded, the anomalous-scattering 
nature of a negative lens will move to hard flow, and especially, amendment of the 
axial overtone aberration in a tele edge becomes difficult, and if a minimum is 
exceeded, the ** material which satisfies conditions (1) will no longer be obtained. 
[0034] If the upper limit of conditions (3) is exceeded, as ** material used for a 
positive lens, distribution will become large too much, and amendment of the 
chromatic aberration of the scale factor in a wide angle edge will become difficult. 
[0035] In the above-mentioned zoom lens, in order to make amendment of a 
secondary spectrum much more good, it is desirable to satisfy the following 
conditions (12). 

[0036] (12) 0.02<(deltathetagd) 1p — 1 (deltathetagd) p is the average of deltathetagp 



of the positive lens of the 1st lens group here. 

[0037] If the minimum of this condition (12) is exceeded, the amendment 
effectiveness of the secondary spectrum in a positive lens will not fully be acquired, 
but advanced color correction will become difficult. 

[0038] In order to make an amendment operation of the secondary spectrum by the 
positive lens of the 1st lens group increase further, it is desirable to satisfy the 
following conditions (12'). 

(12') 0.03<(deltathetagd) 1p [0039] In a wide angle edge, the 1st lens group of the 
zoom lens of this invention needs to bend smoothly the high axial ray of beam-of- 
light quantity in a tele edge, and needs to lead the axial outdoor daylight line of a large 
field angle to the 2nd lens group again. Therefore, as for this 1st lens group, it is more 
desirable than a body side to constitute from a negative meniscus lens which turned 
the convex to the body side, and at least two positive lenses in order, and to make 
the positive lens by the side of ah image into the forward meniscus lens which turned 
the convex to the body side further. 

[0040] Furthermore, as for the positive lens by the side of a body, it is desirable 
between at least two positive lenses of the aforementioned 1st lens group to 
strengthen refractive power in a meniscus configuration or both the convex 
configuration, or [ that it is the same as the refractive index of the positive lens by 
the side of an image in the refractive index of the positive lens by the side of a body 
in order to amend the monochromatic aberration, especially the PETTSU bar sum 
good here ] — or it is desirable to make it high. 

[0041] Next, in the zoom lens of this invention, since the 2nd lens group is a lens 
group of negative refractive power and it is the lens group which mainly takes charge 
of variable power, the refractive power is in size, and since it moreover moves greatly 
on the occasion of zooming, aberration fluctuation becomes a problem. So, in order 
[ in the 2nd lens group ] to suppress especially generating of the monochromatic 
aberration, it is desirable to increase the number of sheets of a negative lens and to 
distribute negative refractive power. However, considering chromatic aberration, 
generating of the chromatic aberration of the negative scale factor in a wide angle 
edge is size, and the amendment especially becomes very difficult. Therefore, as for 
the 2nd lens group, it is desirable to constitute in order from a negative lens which 
turned the field of the strong one of negative refractive power to the image side, a 
negative lens, and a positive lens which turned the field of the strong one with 
forward refractive power to the body side, and to choose the ** material to be used 
from a body side as it appropriately. 

[0042] Since this 2nd lens group has negative refractive power, it becomes the 
primary achromatic condition about the ** material of low distribution to arrange the 
** material of high distribution at a positive lens, a configuration, i.e., a negative lens, 
contrary to the 1st lens group. However, for amendment of a secondary spectrum, it 
is desirable to make deltathetagd at a positive lens and to make deltathetagd small 



greatly like the 1st lens group, again at a negative lens. 

[0043] As a result of examining suitable ** material in consideration of these points, 
satisfying conditions (4) shown above, (5), (6), and (7) found out the desirable thing. 
[0044] If the upper limit of conditions (4) is exceeded, distribution of a negative lens 
will become size too much, the primary color correction will become difficult, and it 
becomes difficult to amend the chromatic aberration of a scale factor in a wide angle 
edge and the axial overtone aberration in a tele edge to coincidence. Moreover, if a 
minimum is exceeded, negative distribution will become small too much and selection 
of the ** material which satisfies the conditions for amendment of the secondary 
spectrum in this lens group (5) will become difficult. 

[0045] If the upper limit of conditions (5) is exceeded, while the amendment 
effectiveness of a secondary spectrum will decrease, the ** material which can be 
used is limited to the ** material of a low refractive index or high distribution. In the 
case of the former ** material of low distribution, the negative PETTSU bar sum 
generated with a negative lens becomes size too much, it becomes impossible to 
amend a curvature of field, and, in the case of the latter ** material of high 
distribution, the primary color correction becomes difficult Moreover, if the minimum 
of conditions (5) is exceeded, it will be limited to the ** material of a lanthanum 
system with a high refractive index, distribution will become large, and the primary 
color correction will become inadequate. 

[0046] If the minimum of conditions (6) is exceeded, distribution of a positive lens will 
become small, the primary color correction is inadequate and it becomes difficult to 
amend the chromatic aberration of a scale factor in a wide angle edge and the axial 
overtone aberration in a tele edge to coincidence. 

[0047] If the minimum of conditions (7) is exceeded, selection of the ** material 
which satisfies conditions (6) will become difficult. 

[0048] In order to heighten the amendment effectiveness of the secondary spectrum 
by the positive lens in the 2nd lens group, it is desirable to satisfy conditions (7'), and 
to satisfy conditions (7"), in order to raise further. 

(70 0.020<(deltathetagd) 2p (7") 0.025<(deltathetagd) 2p [0049] Furthermore, in the 
zoom lens of this invention, it is the lens group to which image formation of the 
emission flux of light which injected the 2nd lens group is carried out, some lenses of 
the 3rd lens group, the 4th lens group, or these 3rd and 4th lens group have the role 
of a compensator, and the 3rd lens group and the 4th lens group move an optical-axis 
top forward and backward on the occasion of zooming. However, since these 
migration length is smallness comparatively, the generating situation of the aberration 
applied to a tele edge from a wide angle edge is comparatively stable: 
[0050] Although what is necessary is just to perform aberration amendment in the 
same idea as the 1st lens group since each of these 3rd lens groups and 4th lens 
groups is positive lens groups, since it is an image formation lens group, the 3rd and 
4th lens group must take into consideration the effect forward refractive power 



affects the aberration, especially the PETTSU bar sums other than chromatic 
aberration strongly. As a result of examining ** material about the 3rd and 4th lens 
group in consideration of this point, satisfying conditions (8) shown above, (9), (10), 
and (11) found out the desirable thing. 

[0051] Although distribution of a negative lens becomes large and is advantageous to 
the primary color correction if the upper limit of conditions (8) is exceeded, it 
becomes difficult to choose the ** material of deltathetagd which satisfies conditions 
(9). Moreover, if the minimum of conditions (8) is exceeded, distribution of a negative 
lens will become small, the primary color correction becomes difficult, and it becomes 
difficult to amend the chromatic aberration of a scale factor in a wide angle edge and 
the axial overtone aberration in a tele edge to coincidence. 

[0052] If the upper limit of conditions (9) is exceeded, it will become the direction 

which amends a secondary spectrum to hard flow, and if a minimum is exceeded, it 

will become difficult to obtain the ** material which satisfies conditions (8). 

[0053] If the upper limit of conditions (10) is exceeded, it is difficult for distribution of 

a positive lens to become large too much, and for the primary color correction to 

become difficult, and to amend the chromatic aberration of a scale factor in a wide 

angle edge, and the axial overtone aberration in a tele edge to coincidence. 

[0054] If the minimum of conditions (1 1) is exceeded, the amendment effectiveness of 

a secondary spectrum will become small and the desired chromatic-aberration engine 

performance will not be obtained. 

[0055] The low-dispersion glass material with which are satisfied of the above- 
mentioned conditions (10) and (11) has a possibility that a refractive index may be 
small and a PETTSU bar may get worse. In order to prevent this, it is desirable to 
constitute from a 41st lens group which has forward refractive power for the 4th lens 
group in order [ side / body ], and a 42nd lens group which has negative refractive 
power. Even if it increases the negative refractive power of the 2nd lens component 
and amends the PETTSU bar sum by making the 4th lens group such a configuration, 
the axial ray quantity which passes this 2nd lens component can make min effect of 
the low aberration on others. Moreover, in order to amend the PETTSU bar sum good, 
it is desirable for making the refractive index of a positive lens as high as possible to 
specifically satisfy the following conditions (13) desirably. 
[0056] 

(13) 1.48<(ne)34p <1.65, however 34(ne) p It is the average of the refractive index in e 
line of the positive lens which constitutes the 3rd lens group and the 4th lens group. 
[0057] If it becomes impossible to choose the ** material which will satisfy conditions 
(11) if the upper limit of conditions (13) is exceeded and a minimum is exceeded, even 
if aggravation of the PETTSU bar sum will be remarkable and will enlarge refractive 
power of a negative lens, it cannot amend without causing aggravation of other 
aberration. 

[0058] Moreover, when the need of using the ** material of high distribution for the 



negative lens used for the 1st lens group for amendment of the chromatic aberration 
of a scale factor is high, it is desirable to heighten the amendment effectiveness of 
the secondary spectrum in the 3rd lens group and the 4th lens group. Specifically, it is 
desirable to satisfy the following conditions (9') and (11'). 

[0059] (9') -0.005<(deltathetagd)34n <0.005 (11') In a 0.025<(deltathetagd)34p this 
invention lens system, in order to amend aberration good further, it is desirable to 
satisfy the following conditions (14), (15), (16), (17), (18), and (19). 
[0060] 

(14) 0.10<phi1 / phiW <0.21 (15) 0.54<|phi2 /phiW |<0.76 (16) 0.10<phi3/phiW <0.26 
(17) 0.26<phi4/phiW <0.45 (18) 0.1 9<|phi42/phiW |<0.48 (19) It corrects 0.38<|phi42- 
/phi41.|<0.74. The refractive power of the 1st lens component of phi 1, phi 2, phi 3, phi 
4, phi41 and phi42, the 1st lens group of ******, the 2nd lens group, the 3rd lens 
group, the 4th lens group, and the 4th lens group, and the 2nd lens component of the 
4th lens group, and phiW It is the refractive power of the whole system in a wide angle 
edge. 

[0061] Although it is advantageous in order for it to become impossible to maintain 
balance and to shorten reservation and overall length of the back focus of a lens 
system, if the refractive power of the 1st lens group becomes size exceeding the 
upper limit of conditions (14) and refractive power of the 2nd lens group will not be 
made into size, either, many aberration especially the spherical aberration in a tele 
edge, comatic aberration, and astigmatism get worse, and it cannot amend by other 
lens groups. Moreover, if the refractive power of the 1st lens group becomes 
smallness exceeding the minimum of conditions (14), amendment of the axial overtone 
aberration generated by the 3rd lens group or the 4th lens group, the chromatic 
aberration of a scale factor, and spherical aberration will especially become difficult, 
and the residual aberration applied to a middle focal distance from a wide angle edge 
will become large. 

[0062] Although it is advantageous in order to shorten reservation and overall length 
of the back focus of a lens system if the refractive power of the 2nd lens group 
becomes size exceeding the upper limit of conditions (15), fluctuation of the 
chromatic aberration of a scale factor is large at the time of fluctuation of many 
aberration which it is necessary to increase the refractive power of the lens group of 
either of the positive lens groups, therefore is applied to a tele edge from a wide angle 
edge. Moreover, if the refractive power of the 2nd lens group becomes smallness 
exceeding the minimum of conditions (15), in order to secure a variable power ratio, 
migration length of the 2nd lens group must be made into size, and a lens system 
becomes large-sized. Furthermore, it becomes difficult to amend the negative 
spherical aberration generated by the positive lens group good, and fluctuation of 
spherical aberration becomes size. 

[0063] When the refractive power of the 3rd lens group becomes size exceeding the 
upper limit of conditions (16), or the minimum of conditions (17) is exceeded and the 



refractive power of the 4th lens group becomes smallness, forward refractive power in 
the 3rd lens group An assembly, Especially, the rate of generating of axial overtone 
aberration and the chromatic aberration of a scale factor changes, from a wide angle 
edge, it becomes difficult to apply to a tele edge and to amend with sufficient balance, 
and axial overtone aberration remains greatly in the chromatic aberration or the tele 
edge of a scale factor in a wide angle edge. When priority is given to amendment of 
chromatic aberration here, especially fluctuation of a meridional image surface 
becomes large, and amendment becomes difficult Moreover, if the refractive power of 
the 4th lens group becomes size exceeding the upper limit of the article affair (17) in 
which the refractive power of the 3rd lens group becomes smallness exceeding the 
minimum of conditions (16), the spherical aberration and the axial overtone aberration 
which forward refractive power generates by the assembly and the 4th lens group in 
the 4th lens group will increase, and amendment will become difficult. 
[0064] If the value of |phi42-/phi4l| becomes size exceeding the upper limit of the 
article affair (19) in which the value of |phi42-/phiW| becomes size exceeding the 
upper limit of conditions (18) The comatic aberration applied to a middle focal 
distance from the chromatic aberration in a wide angle edge, the meridional curvature 
of field in a tele edge, and a wide angle edge by it becoming difficult for the 
amendment contribution to the axial ray in the 4th lens group and the amendment 
contribution to an axial outdoor daylight line to change, and to maintain balance 
remains greatly and is not desirable. Conversely, if the value of |phi42-/phi4l| 
becomes small exceeding the minimum of the article affair (19) in which the value of 
|phi42-/phiW| becomes small exceeding the minimum of conditions (18), fluctuation of 
the meridional curvature of field applied to a tele edge from a wide angle edge and 
axial overtone aberration will become large. Furthermore, it becomes difficult for the 
spherical aberration applied to a tele edge to remain greatly, and to amend from a 
middle focal distance. 

[0065] furthermore, conditions (14) thru/or conditions (19) — setting — the value of 
the bound — the following conditions (14') — or (190 if it is made to be shown, it is 
much more desirable. 
[0066] 

(140 0.12<phi1 / phiW <0.17 (15') 0.57<|phi2 /phiW |<0.73 (16') 0.10<phi3 /phiW <0.23 
(17') 0.30<phi4/phiW <0.41 (180 0.22<|phi42/phiW |<0.45 (190 0.41<|phi42/phi41 1<0.70 
and also conditions (14), It is desirable to satisfy the following conditions (14"), (16"), 
and (1 9") instead of (1 6) and (1 9). 

(14") 0.125<phi1/phiW<0.145 (16") 0.17<phi3/phiW<0.23 (19") 
0.45<|phi42/phi41 1<0.70[0067] 

[Example] Next, each example of the zoom lens of this invention is shown. 
Example 1f=9.061 -25.464-71.998 F/2.0 2omega=49.947 degree-1 8.297 degree-6.327 
**r1 =139.5134 d1 =2.5000 n1 =1.81264 nu1 =25.43 deltathetagd=0.0165r2 =80.9589 
d2 =1.0000r3 =103.9774 d3 =7.2273 n2 =1.43985 nu2 =94.97 deltathetagd=0.0622r4 =- 



249.3944 64 =0.1500r5 =48.1566 d5 =6.3422 r>3 =1.43985 nu3 =94.97 
deltathetagd=0.0622r6 =390.6397 d6 =0.1500r7 =36.0540 d7 =4.291 1 n4=1. 43985 nu4 
=94.97 deltathetagd=0.0622r8 =61.0815 d8 =D1 (adjustable) 
r9 =61.5748 d9 =1.5000 n5 =1.60548 nu5 =60.70 deltathetagd=-0.0032 r1 0=1 5.7087 
d1 0=1 4.9271 r11=-21.1656 d1 1=1.5000 n6 =1.60548 nu6 =60.70 deltathetagd=-0.0032 
r1 2=20.7844 d1 2=0.1 500r1 3=20.6360 d1 3=8.6002 n7 =1.84281 nu7 =21.00 
deltathetagd=0.0356r1 4=57.3063 d14=D2 (adjustable) 
r1 5=infinity (diaphragm) 

d1 5=1 .0000r1 6=-331 .3956 d1 6=2.5000 n8 =1 .57098 nu8 =71 .30 
deltathetagd=0.0266r1 7=-32.3660 d1 7=0.1 500r1 8=1 5.8324 d1 8=2.5000 n9 =1.57098 
nu9 =71.30 deltathetagd=0.0266r19=-1 58.1 052 d 1 9=0.853 1r20=-26.1 704 d20=1. 5000 
n10=1.80642 nu10=34.97 deltathetagd=0.0003r21 =80.39 10 d21=D3 (adjustable) 
r22=70.0995 d22=2.8000 n1 1=1.57098 nu1 1=71.30 deltathetagd=0.0266r23=-20.7695 
d23=0.1500r24=19.7179 d24=8.7237 nl 2=1.57098 nu1 2=71.30 

deltathetagd=0.0266r25=-1 05.4606 d25=0.7647r26=-1 8.6567 d26=1.5000 n1 3=1. 85649 
nu1 3=32.28 deltathetagd=0.0022r27=- 174.0609 f 9.06125.464 71.998D1 1.400019.7747 
33.1226 D2 34.678716.2987 2.9565D3 7.3055 4.8140 8.0961 1/(nud)1n=0.039, 1/0 
[ nud ] 1p=0.011 and 1 (deltathetagd) n=0.017 (deltathetagd) 1p=0.062, 1/0 [ nud ] 
2n=0.017 and 1/(nud)2p=0.048 (deltathetagd) 2n=-0.003, 2(deltathetagd) p=0.036, 
1/(nud)34n =0.030 1/(nud)34p =0.014, and 34(deltathetagd) n =0.001 (deltathetagd) 
34p =0.027 0, [ ne ] 34p =1.571, phM/phiW =0.1 36|phi2/phiW |=0.691 , phi3/phiW =0.182, 
phi4/phiW =0.392 | P hi42/phiW |=0.370, and | P hi42/phi41 1=0.609 [0068] Example 
2f=9.046 -25.465-71.992 F/2.0 2omega=50.41 7 degree-1 8.243 degree-6.344 **r1 
=152.3247 d1 =2.5000 n1 =1.81264 nu1 =25.43 deltathetagd=0.0165r2 =83.1327 d2 
=1.0000r3 =103.0268 d3 =5.5936 n2 =1.43985 nu2 =94.97 deltathetagd=0.0622r4 =- 
236.3738 d4 =0.1500r5 =48.2477 d5 =5.9198 n3 =1.43985 nu3 =94.97 
deltathetagd=0.0622r6 =440.1637 d6 =0.1500r7 =34.9932 d7 =4.0660 n4=1. 43985 nu4 
=94.97 deltathetagd=0.0622r8 =61.8422 d8 =D1 (adjustable) 
r9 =72.3857 d9 =1.5000 n5 =1.60548 nu5 =60.70 deltathetagd=-0.0032 r1 0=1 4.5704 
d1 0=1 2.4293 r11 =-19.9601 d1 1=1.5000 n6 =1.60548 nu6 =60.70 deltathetagd=-0.0032 
r1 2=21.1642 d1 2=0.1 500r1 3=21. 0503 d1 3=6.1 625 n7 =1.84281 nu7 =21.00 
deltathetagd=0.0356r1 4=69.861 5 d14=D2 (adjustable) 
r1 5=infinity (diaphragm) 

d1 5=1 .0000r1 6=-287.7720 d1 6=2.5000 n8 =1 .57098 nu8 =71 .30 
deltathetagd=0.0266r1 7=-30.3056 d1 7=0.1 500r1 8=1 6.9576 d1 8=2.5000 n9 =1.57098 
nu9 =71.30 deltathetagd=0.0266r1 9=-87.5745 d19=2.0057r20=-25.8774 d20=1.2000 
n1 0=1 .80642 nu1 0=34.97 deltathetagd=0.0003r2 1=66.8633 r22=61.9059d22=2.8000 
n1 1=1.57098 nu1 1=71.30 deltathetagd=0.0266r23=-2 1.0746 d23=0.1 500r24=2 1.0941 
d24=7.3060 n1 2=1. 57098 nu12=71.30 deltathetagd=0.0266r25=-79.5816 
d25=0.7497r26=-21.1787 d26=1.2000 n1 3=1 .85649 nu1 3=32.28 
deltathetagd=0.0022r27=-356.0244 d27=1.0000r28=infinity d28=7.0000 n1 4=1 .51 825 



nu1 4=64.1 5 r29=infmityf 9.046 25.465 71.992D1 1.4000 19.8294 33.1916 D2 34.3586 
15.9299 2.5658D3 8.2701 5.1604 7.91 181/(nud)1n=0.039, 1/0 [ nud ] 1p=0.011 and 
Kdeltathetagd) n=0.017 (deltathetagd) 1p=0.062, 1/0 [ nud ] 2n=0.017 and 
1/(nud)2p=0.048 (deltathetagd) 2n=-0.003, 2(deltathetagd) p=0.036, 1/(nud)34n =0.030 
1/(nud)34p =0.014, 34(deltathetagd) n =0.001 34(deltathetagd) p =0.027 (), [ ne ] 34p 
=1.571, phil/phiW =0.140|phi2/phiW |=0.707, phi3/phiW =0.199, phi4/phiW =0.389 
|phi42/phiW |=0.344, and |phi42/phi4l|=0.564 [0069] Example 3f=9.150 -25.430-71.943 
F/2.0 2omega=50.125 degree-1 7.851 degree-6.284 **r1 =67.3534 d1 =1.8000 n1 
=1.80642 nu1 =34.97 deltathetagd=0.0003r2 =41.7227 d2 =5.3000 n2 =1.43985 nu2 
=94.97 deltathetagd=0.0622r3 =-310.9797 d3 =0.1000r4 =36.7193 d4 =3.9573 n3 
=1.43985 nu3 =94.97 deltathetagd=0.0622r5 =204.0192 d5 =D1 (adjustable) 
r6 =-176.6655 d6 =1.0000 n4 =1.65425 nu4 =58.52 deltathetagd=-0.0050 r7 =12.9811 
d7 =3.7851 r8 =-24.9700 d8 =1.0000 n5 =1.65425 nu5 =58.52 deltathetagd=-0.0050 r9 
=68.5111 d9 =0.2000r1 0=28.4668 d10=2.8000 n6 =1.84281 nu6 =21.00 
deltathetagd=0.0356r1 1 =1 90.5820 d1 1 =D2 (adjustable) 
r12=infinity (diaphragm) 
d1 2=1. 1000r1 3=1 5.2088 (aspheric surface) 

d1 3=3.8000 n7 =1.57098 nu7 =71.30 deltathetagd=0.0266r14=-55.0074r1 5=37.4721 

d15=D3 (adjustable) 

r1 6=22.001 3 (aspheric surface) 

d1 6=2.8000 n9 =1.57098 nu9 =71.30 deltathetagd=0.0266r1 7=802.9020 
d1 7=0.1 000r1 8=24.9962 d1 8=1. 0000 n1 0=1. 75453 nu1 0=35.27 
deltathetagd=0.0036r1 9=1 7.2865 d19=2.8000 n1 1=1.57098 nu1 1=71.30 
deltathetagd=0.0266r20=-53.7034 d20=0.1 000r21 =1 3.9402 d21 =1 .3321 n1 2=1 .63004 
nu1 2=35.70 deltathetagd=0.0002r22=8.5579 aspheric-surface multiplier (the 13th 
page) A4 =-0.27966x10-4 A6 =-0.87535x1 0-7 A8 =-0.15668x10-9 A4 (16th page) =- 
0.54064x10-4 A6 =-0.98203x10-8 A8 =-0.1 6407x1 0-9f 9.150 25.43071. 943D1 1.5000 
22.8193 39.2193 D2 39.7158 18.3971 2.0017D3 7.6660 3.2561 2.83871/(nud) 1 n= 
0.029, 1/(nud)1p=0.011, Kdeltathetagd) n=0.000 Kdeltathetagd) p=0.062, 
1/(nud)2n=0.017, and 1/(nud)2p=0.048 (deltathetagd) 2n=-0.005, 2(deltathetagd) 
p=0.036, 1/(nud)34n=0.028 1/(nud)34p =0.014, and 34(deltathetagd) n =0.002 
34(deltathetagd) p =0.027 (), [ ne ] 34p =1.571. phil/phiW =0.131 |phi2/phiW|=0.605, 
phi3/phiW =0.193, P hi4/phiW =0.319 |phi42/phiW |=0.235, and |phi42/phi41 1=0.484 
[0070] Example 4f=8.938 -25.441-71.978 F/2.0 2omega=49.346 degree-1 7.658 
degree-6.204 **r1 =94.8594 d1 =1.8000 n1 =1.85649 nu1 =32.28 
deltathetagd=0.0022r2 =52.0731 d2 =5.5535 n2 =1.43985 nu2 =94.97 
deltathetagd=0.0622r3 =-330.4893 d3 =0.1000r4 =44.1397 d4 =4.1218 n3 =1.43985 nu3 
=94.97 deltathetagd=0.0622r5 =175.9434 d5 =0.1000r6 =40.1589 d6 =3.9902n4 
=1.43985 nu4 =94.97 deltathetagd=0.0622r7=1 45.1 529 d7 =D1 (adjustable) 
r8 =609.3378 d8 =1.0000 n5 =1.62033 nu5 =63.38 deltathetagd=0.0070r9 =10.5608 d9 
=4.4739r10=-44.5113 d1 0=1 .0000 n6 =1.62033 nu6 =63.38 



deltathetagd=0.0070r1 1=35.1888 d1 1=0.1 688r1 2=1 7.31 52 d12=0.9992 n7 =1.84281 nu7 

=21.00 deltathetagd=0.0356r1 3=30.9795 d13=D2 (adjustable) 

r1 4=infinity (diaphragm) 

d1 4=1. 1000r15=-1 7.9714 (aspheric surface) 

d1 5=1. 21 01 r.8 =1.62033 nu8 =63.38 deltathetagd=0.0070r16=-28.9343 

d1 6=0.1 000r1 7=25.1 740 d1 7=1. 691 4 n9 =1.60520 nu9 =65.48 deltathetagd=0.0059r18=- 

67.6119 d1 8=0.8091 n1 0=1 .6441 9 nu1 0=34.48 deltathetagd=0.0016r19=-282.291 1 

d19=D3 (adjustable) 

r20=288.5352 (aspheric surface) 

d20=3.6317 n11=1.43985 nu11=94.97 deltathetagd=0.0622r21 =-2 1.9444 
d21 =0.1 000r22=1 6.6233 d22=1.0000 n1 2=1. 6941 7 nu12=31.08 
deltathetagd=0.0024r23=9.4208 d23=5.0129 n1 3=1. 62033 nu1 3=63.38 
deltathetagd=0.0070r24=-76.6563 d24=0.1 000r25=1 8.25 1 2 d25=1.3824 n1 4=1. 63004 
nu 14=35.70 deltathetagd=0.0002r26=9.9560 aspheric-surface multiplier (the 15th 
page) A4 =-0.28298x10-4 A6 =-0.90598x1 0-7 A8 =-0.75613x10-9 A4 (20th page) =- 
0.64725x10-4 A6 =-0.55523x10-7 A8 =-0.1 301 0x1 0-9f 8.938 25.441 71. 978D1 1.5000 
19.8080 33.9524 D2 33.4539 15.1482 1.0044D3 8.7909 6.7174 13.6922 1/(nud)1n=0.031, 
1/(nud)1p=0.011, 1 (deltathetagd) n=0.002 1 (deltathetagd) p=0.062, 1/(nud)2n=0.016, 
and 1/(nud)2p=0.048 (deltathetagd) 2n=0.007, 2( deltathetagd) p=0.036, 
1/(nud)34n=0.024 1/(nud)34p =0.013, and 34(deltathetagd) n =0.003 34(deltathetagd) 
p=0.025 0, [ ne ] 34p =1.555, phil/phiW =0.157|phi2/phiW |=0.629, phi3/phiW =0.124, 
phi4/phiW =0.395 |phi42/phiW |=0.241, and |phi42/phi4l|=0.435 [0071] Example 
5f=9.304 -25.457-71.964 F/2.0 2omega=49.471 degree-1 7.846 degree-6.262 **r1 
=69.3098 d1 =1.8000 n1 =1.85649 nu1 =32.28 deltathetagd=0.0022r2 =43.4214 d2 
=5.1245 n2 =1.49845 nu2 =81.61 deltathetagd=0.0364r3 =-460.3535 d3 =0.1000r4 
=37.6226 d4 =4.0485 n3 =1.43985 nu3 =94.97 deltathetagd=0.0622r5 =185.5159 d5 =D1 
(adjustable) 

r6 =-251.4932 d6 =1.0000 n4 =1.60548 nu4 =60.70 deltathetagd=-0.0032 r7 =12.5818 

d7 =4.6702r8 =-23.2644 d8 =1.0000 n5 =1.60548 nu5 =60.70 deltathetagd=-0.0032 r9 

=75.0852 d9 =0.1 433r1 0=28.1 893 d1 0=2.0000 n6 =1.84281 nu6 =21.00 

deltathetagd=0.0356r1 1=1 14.7892 d1 1=D2 (adjustable) 

r1 2=infinity (diaphragm) 

d1 2=1. 1000H 3=1 6.8270 (aspheric surface) 

d1 3=3.0702 n7 =1.57098 nu7 =71.30 deltathetagd=0.0266r14=-45.9010 (aspheric 
surface) 

d14=0.8305r15=-29.2714 d1 5=0.8000 n8 =1.64419 nu8 =34.48 
deltathetagd=0.001 6r1 6=1 63.1 1 74 d1 6=D3 (adjustable) 
r1 7=38.091 7 (aspheric surface) 

d1 7=2.0000 n9 =1.57098 nu9 =71.30 deltathetagd=0.0266r18=-35.1200 
d1 8=0.1 000r1 9=1 6.21 53 d1 9=1 .0000 n1 0=1. 80642 nu1 0=34.97 
deltathetagd=0.0003r20=10.0172 d20=4.2918 n11=1.57098 nu11=71.30 



deltathetagd=0.0266r21 =-51 .0748 d21 =0.1 000r22=66.1 1 52 d22=1 .3243n1 2=1 .60548 
nu1 2=60.70 deltathetagd=-0.0032 r23=10.9915 Aspheric surface multiplier (the 13th 
page) A4 =-0.17119x10-4 A6 =-0.77526x10-7 A8 =-0.61292x10-9 (the 14th page) A4 
=-0.47301x10-6 A6 =-0.11792x10-6 A8 =-0.11550x10-8 A4 (17th page) =- 

0. 62049x10-4 A6=-0.1 9478x1 0-7 A8 =-0.39877x1 0-9f 9.304 25.457 71.964D1 1.5000 
22.7213 39.7359 D2 39.7305 18.5090 1.5000D3 9.1586 5.3246 6.90501 /(nud)1n=0.031, 
1/0 [ nud ] 1p=0.011 and 1 (deltathetagd) n=0.002 (deltathetagd) 1p=0.049, 1/0 [ nud ] 
2n=0.017 and 1/(nud)2p=0.048 (deltathetagd) 2n=-0.003, 2(deltathetagd) p=0.036, 
1/(nud)34n =0.023 1/(nud)34p =0.014, and 34(deltathetagd) n =-0.000 (deltathetagd) 
34p=0.027 (), [ ne ] 34p =1.571, phM/phiW =0.1 34|phi2/phiW |=0.598, phi3/phiW =0.208, 
phi4/phiW =0.319 |phi42/phiW |=0.423, and |phi42/phi41 1=0.686 [0072] Example 
6f=9.015 -25.458-72.000 F/2.0 2omega=50.789 degree-1 8.205 degree-6.307 **r1 
=140.8301 d1 =2.5000 n1 =1.81264 nu1 =25.43 deltathetagd=0.0165r2 =78.8473 d2 
=1.0000r3 =106.3821 d3 =4.1253 n2 =1.43985 nu2 =94.97 deltathetagd=0.0622r4 =- 
248.1614 d4 =0.1500r5 =47.1352 d5 =5.8436 n3 =1.43985 nu3 =94.97 
deltathetagd=0.0622r6 =620.9556 d6 =0.1500r7 =33.7548 d7 =4.0084 n4=1. 43985 nu4 
=94.97 deltathetagd=0.0622r8 =60.1247 d8 =D1 (adjustable) 

r9 =67.2809 d9 =1.5000 n5 =1.60548 nu5 =60.70 deltathetagd=-0.0032 r1 0=1 4.5860 
d1 0=1 1.3750 r11 =-19.6696 d1 1=1 .5000 n6 =1.60548 nu6 =60.70 deltathetagd=-0.0032 
r1 2=20.41 05 d1 2=0.1 500r1 3=20.6872 d1 3=4.0032 n7 =1.84281 nu7 =21.00 
deltathetagd=0.0356r1 4=67.4603 d14=D2 (adjustable) 
r15=infmity (diaphragm) 

r1 6=1 55.3540 d1 6=2.5000 n8 =1.57098 nu8 =71.30 deltathetagd=0.0266r1 7=-34.2982 
d1 7=0.1 500r1 8=1 4.8060 d1 8=2.5000 n9 =1.57098 nu9 =71.30 deltathetagd=0.0266r19=- 
191.1452 d19=0.8527r20=-27.3848 d20=1.2000 n10=1 .80642 nu1 0=34.97 
deltathetagd=0.0003r2 1=50.6393 d21=D3 (adjustable) 

r22=65.3893 d22=2.8000 n1 1=1.57098 nu1 1=71.30 deltathetagd=0.0266r23=-1 9.3708 
d23=0.1500r24=20.3762 d24=7.0318 nl 2=1. 57098 nu12=71.30 

deltathetagd=0.0266r25=-1 1 1 .1 751 d25=0.9735r26=-1 7.4860 d26=1 .2000 n1 3=1 .85649 
nu1 3=32.28 deltathetagd=0.0022r27=-1 09.6380 f 9.01525.458 72.000D1 1.400018.9748 
32.8362 D2 33.798715.3195 2.3984D3 7.0203 4.9939 8.19181/(nud)1n=0.039, 1/0 
[ nud ] 1p=0.011 and 1 (deltathetagd) n=0.017 (deltathetagd) 1p=0.062, 1/0 [ nud ] 
2n=0.017 and 1/(nud)2p=0.048 (deltathetagd) 2n=-0.003, 2(deltathetagd) p=0.036, 
1/(nud)34n =0.030 1/(nud)34p =0.014, and 34(deltathetagd) n =0.001 (deltathetagd) 
34p =0.027 (), [ ne ] 34p =1.571, phil / phiW = 0.1 44|phi2/phiW |=0.695, phi3/phiW 
=0.209, phi4/phiW =0.387 |phi42/phiW |=0.369, and |phi42/phi4l|=0.596 However, r1 
and r2 ... Radius of curvature of lens each side, d1 and d2 ... The main thickness of 
each lens and lens spacing, n1, and n2 ... The refractive index of e line of each lens, 
nu 1 , and nu 2 ... It is the Abbe number of d line of each lens. 

[0073] The 1st lens group which an example 1 is a configuration as shown in drawing 

1 , it has forward refractive power and is immobilization on the occasion of zooming 



sequentially from a body side, The 2nd lens group which has negative refractive power, 
moves in monotone on the occasion of zooming in an optical-axis top, and has a 
variable power function, It is the lens system which has forward refractive power and 
consists of the 3rd lens group which is immobilization, and the 4th lens group which 
has forward refractive power, moves forward and backward on the occasion of 
zooming in an optical-axis top, and adjusts an image surface location on the occasion 
of zooming. A **** lens group consists of the negative meniscus lens by which the 
1 st lens group turned the convex to the body side sequentially from the body side, a 
biconvex lens which turned the field of the strong one of forward refractive power to 
the body side, and two forward meniscus lenses which turned the convex to the body 
side. The 2nd lens group consists of the negative meniscus lens and biconcave lens 
which turned the convex to the body side, and a forward meniscus lens which turned 
the convex to the body side in order [ side / body ]. The 3rd lens group in order 
[ side / body ] A diaphragm, It consists of the forward meniscus lens which turned 
the convex to the image side, a biconvex lens which turned the field of the strong one 
of forward refractive power to the body side, and a biconcave lens which turned the 
field of the strong one of negative refractive power to the body side. The 4th lens 
group consists of the biconvex lens which turned the field of the strong one of 
forward refractive power to the image side, a biconvex lens which turned the field of 
the strong one of forward refractive power to the body side, and a negative meniscus 
lens which turned the convex to the image side sequentially from the body side. 
[0074] The aberration situation of the zoom lens of this example 1 is as being shown 
in drawing 7 , drawing 8 , and drawing 9 , and it turns out that it has very high optical- 
character ability though it is an easy configuration, and especially chromatic 
aberration is amended good. 

[0075] An example 2 is a configuration as shown in drawing 2 , and is the lens system 
of the same configuration as an example 1. The plate arranged between the lens 
system and the image pick-up side in drawing 2 expresses optical elements, such as a 
color filter and a low pass filter. 

[0076] The aberration situation of this example 2 is as being shown in drawing 10 , 
drawing 1 1 , and drawing 12 . 

[0077] The 1st lens group which an example 3 is the lens configuration shown in 
drawing 3 , it has forward refractive power and is immobilization on the occasion of 
zooming sequentially from a body side, The 2nd lens group which has negative 
refractive power, moves in monotone on the occasion of zooming in an optical-axis 
top, and has a variable power function, It has forward refractive power and consists of 
the 3rd lens group which is immobilization, and the 4th lens group which has forward 
refractive power, moves forward and backward on the occasion of zooming in an 
optical-axis top, and adjusts an image surface location on the occasion of zooming. A 
**** 1 lens group the negative meniscus lens which turned the convex to the body 
side, and the biconvex lens which turned the field of the strong one of forward 



refractive power to the body side in order [ side / body ] Lamination ************, It 
consists of a forward meniscus lens which turned the convex to the body side. The 
2nd lens group It consists of the biconcave lens which turned the field of the strong 
one of negative refractive power to the image side, a biconcave lens, and a forward 
meniscus lens which turned the convex to the body side sequentially from a body side. 
The 3rd lens group Sequentially from a body side, a diaphragm, and the biconvex lens 
and biconcave lens which turned the field of the strong one of forward refractive 
power to the body side are consisted of lamination ************. The 4th lens group 
The cemented lens which joined the forward meniscus lens which turned the convex 
to the body side, and the negative meniscus lens and negative biconvex lens which 
turned the convex to the body side sequentially from the body side, It consists of a 
negative meniscus lens which turned the convex to the body side, and the 13th page 
and the 1 6th page are the aspheric surfaces of the configuration expressed with the 
following formula. 



[0078] However, the direction of an optical axis is taken in the direction of the 
direction y-axis perpendicular to an optical axis for the direction of the z-axis. 
Moreover, r is the paraxial radius of curvature of the aspheric surface, and K is a 
cone constant and ai. It is an aspheric surface multiplier. 

[0079] When the aspheric surface is used for the lens system of this example 3, in the 
example, an optical overall length is about 100mm to being what increased the degree 
of freedom of aberration amendment and shortened the overall length of a lens 
system, and examples 1 and 2 being [ an overall length ] about 120mm. 
[0080] The aberration situation of this example 3 is as being shown in drawing 13 , 
drawing 14 , and drawing 15 . 

[0081] With a configuration as shown in drawing 4 , in order [ side / body ], an 
example 4 has forward refractive power and faces it zooming. The 1st lens group of 
immobilization, The 2nd lens group which has negative refractive power, moves in 
monotone on the occasion of zooming in an optical-axis top, and has a variable power 
function, It has forward refractive power and consists of the 3rd lens group of 
immobilization, and the 4th lens group which has forward refractive power, moves 
forward and backward on the occasion of zooming in an optical-axis top, and adjusts 
an image surface location on the occasion of zooming. And the cemented lens with 
which the 1st lens group stuck the negative meniscus lens which turned the convex 
to the body side, and the biconvex lens which turned the field of the strong one of 
forward refractive power to the body side sequentially from the body side, It consists 
of two forward meniscus lenses which turned the convex to the body side. The 2nd 
lens group It consists of the negative meniscus lens which turned the convex to the 
body side, a biconvex lens, and a forward meniscus lens which turned the convex to 



the body side sequentially from a body side. The 3rd lens group The negative 
meniscus lens which turned the diaphragm and the convex to the image side 
sequentially from the body side, It consists of a cemented lens which joined the 
biconvex lens which turned the field of the strong one of forward refractive power to 
the body side, and the negative meniscus lens which turned the convex to the image 
side. The 4th lens group It consists of a cemented lens which joined the positive lens 
which turned the field of the strong one of forward refractive power to the image side, 
the negative meniscus lens which turned the convex to the body side, and the 
biconvex lens sequentially from the body side, and a negative meniscus lens which 
turned the convex to the body side, and the 15th page and the 20th page are the 
aspheric surfaces. 

[0082] Although this example 4 was the same specification as an example 3, it 
especially increases the number of sheets of the positive lens of the 1st lens group, 
controls generating of the distortion aberration in a wide angle edge, and amended the 
spherical aberration and comatic aberration which are generated by the 1st lens group 
by this by arranging two negative lenses in the 3rd lens group. 
[0083] The aberration situation of this example 4 is as being shown in drawing 16 , 
drawing 1 7 , and drawing 18 . 

[0084] An example 5 is as being shown in drawing 5 . In an example 3 The biconvex 
lens with which the 3rd lens group turned the diaphragm and the field of the strong 
one of forward refractive power to the body side sequentially from the body side, It 
consists of a biconcave lens which turned the field of the strong one of negative 
refractive power to the body side. A **** 4 lens group sequentially from a body side 
A biconvex lens, It is [ convex / lamination ************ and ] different at the point 
which consists of a negative meniscus lens towards a body side in the negative 
meniscus lens and negative biconvex lens which turned the convex to the body side. 
Moreover, in this example 5, the 3rd page, the 13th page, the 14th page, and the 17th 
page, is the aspheric surfaces. 

[0085] As compared with the example 3, the fluctuation of the spherical aberration 
applied to a tele edge from a wide angle edge, comatic aberration, astigmatism, etc. of 
this example 5 has decreased further by having increased the number of the aspheric 
surfaces. 

[0086] The aberration situation of an example 5 is as being shown in drawing 1 9 , 
drawing 20 , and drawing 21 . 

[0087] The point that an example 6 is the lens system of a configuration of being 
shown in drawing 6 , and the 3rd lens group and the 4th lens group move on the 
occasion of both zooming in an optical-axis top, and are amending the image surface 
location, The 3rd lens group is different from the example 1 in the point which 
consists of a diaphragm, the biconvex lens which turned the field of the strong one of 
forward refractive power to the image side, a biconvex lens which turned the field of 
the strong one of forward refractive power to the body side, and a biconcave lens 



which turned the field of the strong one of negative refractive power to the body side 
in order from the body side. This example shortened the overall length of a lens 
system as compared with the example 1, without having made aberration amendment 
capacity into size and using the aspheric surface like an example 2 thru/or 4 by 
having increased the movable group. 

[0088] The aberration situation of an example 6 is as being shown in drawing 22 , 
drawing 23 , and drawing 24 . 

[0089] In this invention, it is the lens system to which what was indicated by following 
each term besides the lens system indicated by the claim attains the purpose of 
invention. 

[0090] (1) The zoom lens which is immobilization on an optical axis in case the 1st 
lens group and the 3rd lens group are variable power in the lens system indicated by 
claims 1 and 2 of a claim, or 3. 

[0091] (2) The zoom lens to which the 4th lens group moves an optical-axis top as a 
whole by the lens system indicated by the term of the above (1) for image position 
amendment. 

[0092] (3) the lens system indicated by claim 1 of a claim, 2, the above (1), or the 
term of (2) — the following conditions (14) thru/or either of (17) — independent — or 
the zoom lens satisfied as two or more combination. 

(14) 0.10<phi1/phiW<0.21 (15) 0.54<|phi2/phiW|<0.76 (16) 0.10<phi3/phiW<0.26 (17) 
0.26<phi4/phiW<0.45[0093] (4) The zoom lens with which the 4th lens group consists 
of the 41st lens group of forward refractive power, and the 42nd lens group of 
negative refractive power and with which it is satisfied with the lens system indicated 
by claim 3 of a claim, the above (1), or the term of (2) of following conditions (18) 
and/or conditions (19). 

(18) 0.19<|phi42/phiW|<0.48 (19) 0.38<|phi42/phi41 1<0.74[0094] (5) The zoom lens 
which is satisfied with the lens system indicated by the term of the above (4) of 
conditions (14) thru/or (17). 

(14) 0.10<phi1/phiW<0.21 (15) 0.54<|phi2/phiW|<0.76 (16) 0.10<phi3/phiW<0.26 (17) 
0.26<phi4/phiW<0.45[0095] (6) The zoom lens which is satisfied with the lens system 
indicated by claim 1 of a claim, the above (1), or (2) of the following conditions (4) 
thru/or (7). 

(4) 0.014<1/(nud)2n<0.017 (5) -0.01<(deltathetagd)2n<0.01 (6) 0.030<1/(nud)2p (7) 
0.015<(deltathetagd) 2p [0096] (7) The zoom lens which is satisfied with the lens 
system indicated by the term of (claim 1 of a claim, 2, the above (1) and (2), or 4) of 
the following conditions (8) thru/or (11). 

(8) 0.020<1/(nud)34n<0.033 (9) -0.01<(deltathetagd)34n<0.01 (10) 
0<1/(nud)34p<0.0166 (11) 0.02<(deltathetagd) 34p [0097] 

[Effect of the Invention] The zoom lens of this invention can be made to a small lens 
system by the optimal high optical-character ability for the electronic camera using 
the image sensor with many pixels suitable for the application which captures the 



electronic camera using the camera tube, a solid state image sensor, etc., especially a 
highly minute image in recent years, though it is a comparatively easy zoom 
configuration. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] * 

[Drawing 1] Drawing showing the configuration of the example 1 of this invention 
[Drawing 2] Drawing showing the configuration of the example 2 of this invention 
[Drawing 3] Drawing showing the configuration of the example 3 of this invention 
[Drawing 4] Drawing showing the configuration of the example 4 of this invention 
[Drawing 5] Drawing showing the configuration of the example 5 of this invention 
[Drawing 6] Drawing showing the configuration of the example 6 of this invention 
[Drawing 7] The aberration curve Fig. in the wide angle edge of the example 1 of this 
invention 

[Drawing 8] The aberration curve Fig. in the middle focal distance of the example 1 of 
this invention 

[Drawing 9] The aberration curve Fig. in the tele edge of the example 1 of this 
invention 

[Drawing 10] The aberration curve Fig. in the wide angle edge of the example 2 of this 
invention 

[Drawing 1 1] The aberration curve Fig. in the middle focal distance of the example 2 
of this invention 

[Drawing 12] The aberration curve Fig. in the tele edge of the example 2 of this 
invention 

[Drawing 13] The aberration curve Fig. in the wide angle edge of the example 3 of this 
invention 

[Drawing 14] The aberration curve Fig. in the middle focal distance of the example 3 
of this invention 

[Drawing 15] The aberration curve Fig. in the tele edge of the example 3 of this 
invention 

[Drawing 16] The aberration curve Fig. in the wide angle edge of the example 4 of this 
invention 

[Drawing 17] The aberration curve Fig. in the, middle focal distance of the example 4 
of this invention 

[Drawing 1 8] The aberration curve Fig. in the tele edge of the example 4 of this 
invention 

[Drawing 19] The aberration curve Fig. in the wide angle edge of the example 5 of this 



invention 

[Drawing 20] The aberration curve Fig. in the middle focal distance of the example 5 
of this invention 

[Drawing 21] The aberration curve Fig. in the tele edge of the example 5 of this 
invention 

[Drawing 22] The aberration curve Fig. in the wide angle edge of the example 6 of this 
invention 

[Drawing 23] The aberration curve Fig. in the middle focal distance of the example 6 
of this invention 

[Drawing 24] The aberration curve Fig. in the tele edge of the example 6 of this 
invention 

[Drawing 25] thetagd-nud Graph 
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[0002] 

tZtcMz, cmcfflt^ffifiJUVXtLTttWS^U 
VXSHftMBcfti. XU>XJRtaHWR?t©IB[c» 

RGBZflCfe^h^ftCHfltSf-hfti©* 

*ti?tio>mt% : ?izxm*m<. i*>**fi»i*7y 

[0 0 0 3] MIC Ctl6»/7lCS^Ttt. ttiS«* 
i»T5fflatf*<. JWUVXtLTJBEflWOX- 
2*UVX*J8l**©#-iM'PS*. 

[0 0 0 4] CftSOMWKWgTiUVXJRfcLT* 
ttttllieSWtc. iEOHtfWJfcfcSX-SvyflMBfcB 
5£©Sg1 b>XS¥<!:, X-5>^CieLT3^ttlcjaoT 

»»L*imffi*rrsa<Dffl»ra*5*-*si2 u>x 

X- = V?U:|&LTM&U:&iSLTgfS©l&©®E 

X»t» X-5>7lc|*LTHJreiS«roB**L7V 
*iE©JB«W3*l«-3*4l/VX»t«J:yft*4«X-A 
UVXtfaSftTl"*. 

[0 0 0 5] *ftifi^ a^a-tf-BtLT* IfeWH 
frS«c» iE©H»f**J#«X-5>^c|RLTffl!e© 
H1U>XS¥<»:. X-SV^fcPRLTJlfllltc»-3T»» 

LTWSftffl*^-r sawsfif *i*fcoss 2 u>xp 

X-5V?tcPKLTH*©JII3b>X»£. X- = 

jELT-ttlc«OfOTi:IS«tBt«IT*iE©a«WJ 
*Jto«4UVXStJ:y<fc*4RX-i»U>X^ » 



(3) 



ftH§¥8-248 3 1 7 



iEOJi»T73*J#«X-5 V^fiMWciae 
<7)|g1 b>XS*.h, X-S>7*©l&KftfiSK^T»S!i 
LT»Sftffl*»r*JIOJBJfr?3*»'3«2 UVXB 
X-5 V^EIB LT»«(c|Hft LT«fS©IB©«ffi 

j#om3u>xi¥<t:, x-~>?imLTm%.T°mwF 

BH©***KJt^THilH»©#«lc*^Hf*a«IS? 
BB***U N'T tf-7 a Vfft^O «t 3 (CJRM1I& 

X*k E©«M^ttE*+#U:3l*HiU»*J:5fc 
a»t»t>3!&¥ttl6**-r £X-Z* UvXitfcBWcft o 

MHcftMs ««b>X*fc^33fc£ttfle©B*tt* 

[0 0 0 7] C©«fc3*B«*Sf6Er5X-i*U>Xi: 
LT> ftMBg6 2-1 539 1 3**1tlB¥ 1-126 
6 1 ftJB¥6-56453*» ft|»JP6-1 75 
0 2 2*0#4MBKEK*tiTt^!Se3WWfl««StiT^ 

«. 

[00 08] 

[58WjWlt*L<fc 5 Xl*tt¥ttffe 

#&iwc#<©^©b>Xtf&gK&y, 
<mm. [syX3k3*mzr s %'>i&&ibr>tc. 

[0 0 0 9] X-L,bVX0«£. rHBSW*^ 

jES-tlT^nif. X- = V*©IWDiBU»i»W;£ LfcO 

*\ cftwrdmiic^tTs uVxawajisaaa 

r*. X-AU>Xlc*5^T. Kt^1t18*artLJ: 

£tfUJ*ftl,\ *<Dtctt>lZ, X-lkUVXtCfcl^Ttt* 
SaTf £ b>XM*£^LTl£ftffifrSgi8QcJbH;|- 
Tb>XS*«*|JMMtt*;r*T. iKSSKfcffilE-r* 

[ooio] ifi^/wtf^swontMimR^ 
^ixvx»«ij»a!{b-r*B«tfafc<ftoT^*. *©fc 

l\ LfrLU;/Xtttt*'jH9:<r*£. ^EiRSIlom 
feiRMtt, #^bvX*Sfflr*S©?ftU:«fcy«E 



[00 11] Hua?^3ROX-^U>X(D3-6. ftfcBg 
62-1 5391 3f, ftBW 1 -1 2 6 6 1 4^. ft 
IW6 - 5 6 4 5 3*45«»tCEtt*ftT^*X-ZxU 

5trtLfeUVXJRT**tf. «*.t*ftlHM - 1 2 6 6 
1 4^4iatCffie*tlTL^b>X3Rtt2 0©=l>^V 
-fe-2£$t?50©b>XS¥frS£y, b>XS¥SS©£ 

»W6- 1 7 5 0 2 2^i»lCl3«*ftfcbVXSH* 
4gf«ifi£T'*S^ ttl±feiRM*^rc+»lcMiExmT 

[0 0 12] *5IWttibK«fBS*ft««T'i6oT» b> 

VX«feW-3E£lc*S. 
[00 13] 

[!Sg£»a-t£fcA&©#{£] *»9i©X-/*U>X 
(** ftftflfrSMIti:, E©JS»T7J£ftoSil1 UVXW 

a©H#r73*ft^X-5>yiC|RLT3lfillU:aoT 
fMfcLTJHBfBBfcrs^uyXWfc, IE©®#t7J£ 

ftoag3uvx»t. JEomtKDmtisyxmt&v 

& y » tuiBSg 3 b VXSXttffllB* 4 b VXBt L < tt 
cn6UVX»t»©-»fl!)UVX*ffl^T|}EJt2 b> 
Xi¥©£»l c ct 5 Xfi*©ftntt1I©£n«f XT 5 J: 
3fcLfcbVX3&?, TE©*ft (D . (2) , 

(3) *SU1T*E£*1W«:LTI''*. 

[00 14] 

(1) 0. 2 5<1/ (vd ) 1n<0. 04 

(2) -0. 005< (A0gd) in<0. 02 

(3) 0<1/ (i/d ) 1p<0. 0 166 

/cfc LA 0 gdttBItt© d m(0T v i/ d £Lg«. 

d«c^*SS»#tttt*egd£*5£*egd-vd 7" 
57±?K7iF2£*»aaB»fr5©IMfi!>Sfc (A 
0gd) lntt*1 bVX»S«rtr*ftbVX»cffll'»*iB 
WWA0gd<O¥fe|fi. (vd ) 1p. (vdJlntt*'*^ 
1 UVX8*«JSW-*iEU>Xa3j:imuvXfcJSl^ 

[0 0 15] |2 5li, 0gd-v d ^77T\ JSSAt^Cl 
<D^7±T*©K 7 iF2 £*|S£II?S*. C©BHc 

[0 0 16] £:dTA0gdtt. tulBWcfedtcOgd-vd 
0^7 7«fTK7 (nd =1. 5 1112, vd =6 
0. 5)tF2 (nd =1. 6200 4. vd=36. 
3) ©757±©jS*ttMS»frS©±-F»A 
A) <Df*i«*afeLT^*. BP-602 5^r^K7 



(4) *#F,l¥8-2 4 8 3 1 7 



££F 2 «t£A,£K A *±7jXtiT73 A 0 gdOffi/clt 
¥^ttLfcSS^LTt^o LfctfoT. £ft (2) 
0±PM0A0gd=O. 0 4te, i^Ai , 3TFRg©A0gd 
= 0. 0 2 5til^A2 fc^S. (1) tts iKStlC 

Ttltf4 0> (vd ) m >2 5K&y. ±Rgti?57 
±T*SB1 . Tffitt^"57±T^B2 Lfctfo 
T, jfcft (1) . (2) SSAi , A 2 , 

Bi . B 2 TBSftfc&^tttf&ft (1) . *fl= 
(2) ©©BflTifc*. 0«'J*JM3TI*. Si UVX 

[0 0 17] X*8W©X-AU>X©S2©tgfi£©U 

£0ji»ra*8oim uvxst. n©jiifT*i£8-sx 

-5 V?©IStC7t»lc^^T^K)Lr^^ffl^m2 U 
VXS£» IE©®ffr7J£ltt>Jfl3UyX8£. JEOJfflff 

ttwiaiu bvxisft l< (i^-ne uvx&o-gpcau 

DBfflHOSaft*WEf TI8£ft (4) , 

(5) , (6) , (7) £3MITSX-/*UVX?* 

[0 0 18] 

(4) 0. 0 1 4<1/ (i/d ) 2n<0. 017 

(5) -0. OK (A6 g d) 2n<0. 0 1 

(6) 0. 030<1/ (vd ) 2p 

(7) 0. 0 1 5< (A0gd) 2p 

tcti L A 0gd«5gW<DdSg©7-v^a«vd £Lg*g, 
d^tc^-r^SP»»i(J±^0gd«!:r5i:$0gd-vd 7 
77±?K7i:F2«!: *e£fflffr 5©|ftt©& ( A 
Ggd) 2p. (A0gd) 2nli£4Sr2 \s>X#*mi&tZ 
IE l> y Xfc J:tm U V Xfcffl l/> A 0 gdd *m 

^ (vd ) 2p. (vd ) 2n«*«*2U>X»*«ja 
•T5iEU'VXJ5 t fclf^U>XlCfflL^6S«(Dv/d ©¥«3 

[0 0 19] MlC^^cDX-iAL/VXro^SW^fiEcO 
U>XS<tLT^lcat^5tOt,$5 <> WMIfr 
mcDMtfiJjZft-om 1 UVXgft. ft©JB3r7J 

mZtZ%2 \s>XUt. IE©Ji8T*j£ftoSfS3 U>X 
Wt» iE©JBlfr»*»-3*4U>X»tJ:yfty» MIS 

»3 u>x»xttiaE»4 uvx»bu<tt*ft5uv 

X»©-»©UVX*El/>TiaE»2 is>x&ommz 

IB&ft (8) . (9) , (10), (11) S»ET* 
X-AUVX. 
[0 0 2 0] 

(8) 0. 0 2 0< 1 / (v/d ) 34n <0. 033 

(9) -0. OK (A0 g d) 34n <0. 0 1 
(1 0) 0<1/ (vd ) 34p <0. 0 166 



(11) 0. 02< (A0gd) 34p 

d*iE«-r4«»»ttJt*egdtr*t*egd-vd 9 

57±?K 7 1 F 2 £«&fttttfr&0>IK£<DS. (A 
0gd) 34p . (A0gd) 34n 1*853 UVXS¥, W41/V 
X»*«ar*iEUVXfiJ:tfftUVXtEflH.''5«ltt<0 
A0 g d© I FiS)fil, (vd ) 34p . (^d ) 34n l*£435 
3U>XS, »4UVXSSHIfiW-SiEUVXa3«»:tfft 

uvxic/Bi^wttovd ©¥*3fiiT'2&*. 

[002 1] AAa-y-fflX-AU>X»fl!>'J\S!4X 
-/»UVX*ii«f «fc»lcW:» fiffi£©£3(c, Wtffl 
^SIOMCs IE©JBWMJ*fc5X-5:>?te|RLTSJ£© 
SMUVXSfc* X-S>?fcP8LT3WMc»-3T»l!) 

<!:. X-5V7fclBLTB£©S3U>X8£» X-5 

»b»4l/>X»i:frS3»«4»X-^U>X^ ftft 

1 UVXWt, X-5V?©MKC3fcWC5BoTi|M&U 
fflttf*ffl*^-r*fi©JB»T73*»^W2UVX«ft. X 
- 5 V ?lcR U»«Hc»» L Tgfg©^©®®©^®!* 
MiELT-£U:«ofMi*5UE©JBJ^€#oSli3 U 
VXSft, X-Svy©HHB£T*oTl«W^ffl**L 
jE©I!1It*I*8oSS4 UVX»tfr5ft«4»X-AU 

[0 0 2 2] CftS«*©X-AlxVXM\ (8*&*Sfi£ 

r*«y> L#fcRnw*»frrx^-x*»*J:<tWit 

*fc»JC#U>XB©«iatt»*'>ft< LTHlff*** 
[0 0 2 3] *©fe©» IWBIU>X«ffl^T««liE 

5 j: 5 ic i.tc&&mifMx.Tv%o Lmm 
u>x«, JH&Rtf©«iE(caabiitfft«^ feiRgs 
ffiiE-r5tg^jtts<. Juic^aiuvxcffit^^t? 
««i«BiB«*wyatJtt«uvxfc LTg^^n^Tt 

^14tg£ii/£T-$fel\ S9IB©«J:3a«««l»©^*L"» 
U>X3RlcTftC«*-f-»a»U:«jEr*fci6»ctt. ffi 

[0 0 2 4] »(C«*»^5^tt?*^5«». felXM 
©«IE*Hii:ft*a«tflEBIHc*>rcy. 1^5 2* 
X^h;l/©*liEfl«»TBW=fty. «ffl-T55i«<D 

feiRg^ffiiE'r^ 1 ^!©feiRSi:2^X^^ h;bwffiiE 
feiR^©ffiiEt*feiRg©ariEt»^*-r*«^ 

[0 0 2 5] u>x*mtLT«fflr*att 

©3t^#tt^«WU *feiRS^ 1 2K©feiR£, 2*X 



(5) 



&IS¥8-24 8 3 1 7 



^1 Hl/UfcgJfteffilELfcfcroT-fc*. 

[0026] ♦jwjcx-AuvXfcfci^T, mi u> 
z>K&am®tf±z <%mt ztcib. wc*i u>xp 

©h»t*j*s*-*©t?» ftuvxictts^aoffi***, 

[0 0 2 7] *^fflX-i.L/>X©<}:^lc, Igtg*^ 
5*«?**5»©W&lxVXtt. ilttg«ft£©IStt 
SiSET© 2 ^X^-? h /l/tfraS<h£ y * 1 ^©feiKM^ 

£-T5o LfctfoT. 2*X^*HI/*JiijE*-Sfc«Mc 
lis gi!SlcJ>fr5feiRS^ficD*[o)tcMf^6^5„ 
*©£&£& IE l> >X© g 3Si(cJ4-r 3E*JT$£ffl*tW 
lc»<f*t\ ££U*ftUVX©gliSl(c*rr<5JS»T* 
*ffi»tt(=e<.Tfttf«J:i,*. 

[0028] ^©8&ft8?©jittttiktt« 
^-rA0gd^#^.5<!:> g$i©s»f^ : &*a»wic^<-r 

^fctolcli, A0gd©ffi£;ttcLXgi|Sg©JgWS£ffl*t 

iEUVX(*s A0 g d©<B£*U:U ©UVXtt 
A0 g d©jI£'NC-tfttfJ:l\ E©*W4» U>X3R^ 
<*©6««©«*Ht*i: gtt(c**r3JB8r*&©MK(c 
*y»6*l*t»©"P, U>XP©iEmcttBftL*l,\, 
[0 0 2 9] JHC 3ff5X7vX«ttBr*t, 
S©'.h3vK#R«ttW\ A 0 gd©ffltf *r* U7^ 

LfetfoTA 0gdl*«^-r5. 
fifctfotflCtfS-r*^ fcfcJ^vd = 3 5ifi®T*A 

0gdtto©5fi«fl)mcfty» fi**f-wd = 6oar«s 

I A0 g d I ©*©'h*fti/>*>i$*/- , ?;l/;tf5 
Xt, A0gdtfft©*$&ffi£&O7>£>£;tf i 7X© 

2mmtfftizT2>o y-^;i/*"-7xt*, fcfcj^i/d = 
7 0jaa$T#a-r56\ fcfcj^vd = 6 3>safr6 

&<Il;:&*<!: A 0gd©ffi©*fS:^*5i*£g?i?ttft 
[0 0 3 0] *&B£0U>X&Kfc^T\ Si b>XP 

ffll^©tfj?3: Ll^\ UttlCTBttliA 0gd!b^lC%y 

t-^3fc»2;*X^ HUWraiElCli^^T 5 **. X 
Si b>X8f©IEUVXKffll^51!j#<hL-ni. ffittt* 
T'A 0 gdOfiltf*^ fL"to«>*aM»tttf 5 X S LT 
flftr*tfffi< &*fc#K<6©JgfeiRM©*i§IEtf 

[0031] vLtOfSx**.. *wmx-u\,yx 

tt» mi UVX»*i3E©ftfr (1) . (2) , (3) 



[0 0 3 2] *ft (1) ©±H*«**t&UVX©# 

2*x^^h/b*WErsfc»©*ftr»*ssfcft (2) 
(D ©THSttfcstftuvxosmtf/wcfcy, i 

[0 0 3 3] (2) (D±m*®z.%£s ftU>X© 
»*»»tttfa!»lRHc»*» »Kaa*?©liJ:feiR« 
©HBEfffflBfcfty, TH*iH;l*i:*fr (1) £SE 

[0 0 3 4] (3) OD±|H*iljl*tiEUVXlCffl 
^*Wtt£LTttiM(ttf**<fty*-aFT\ EftlgT*© 
fc*©fe«a©«iE#H«C2B:*. 

[0 0 3 5] ±fE©X-AUVXlCfc^T. 2:*X^? 

h/u©ffiiE«-ia»ic-r«rc46tc(i, ;*©&# (1 
2) u\ 

[0036] (1 2) 0. 02< (A0gd) 1p 
CCT' (A0gd) i p »mi U>X»OiEU>XOA0gp 

[0 0 3 7] E©*# (12) ©TH*H**tiEUV 

[0 0 3 8] mi UVXW©iEUVXtuJ:*2*X^^ 
h/U©«Eft«^«i**L«&*fc*Mc(*. TE*ft 

(12') *3Sfir*C£#ff$U\, 

(1 2' ) 0. 03< (A0gd) 1 P 

[0 0 3 9] *5P8©X-AUVX©mi U>X8tt» 
j£ft«Kfc^T£J£^Bfc©«tt#*g£J^ SaWcS 
^Ttt^^(DBt^±3 1 6SI^;te6HCffilfTm2 U> 
XS¥'\3l<&£tf«&3. *©fc46lc> uOmi UVXg 
tt» WMIJ:Uaic« *fWWcfiiBi*fiW-fc&©*-x 
»XU>X£«!>fc<ifc2«©jEU:/X£frS«rtU 
EKM©jEls>X*4MM(cail*Af*fciE©j<:2X 
AX IsVXtCtiZ t&WZ UV 

[0040] sic. tuiaomi isyxt$<iyjnt<k*,2 

#©jEU>X©55*Wl©jEUVXli, 

ttt L < ttHCiJBttTJB«f73*a < T* C $ L 

5 fettle!** WMNttiE U >Xa>JBK*4HM)«>iE U > 

x©H*f*t U6^t> l < »x < -r 5 C £ L l\ 

[0 04 1] ^C*«^©X-AU>XlCfc^T> m2 

i/vxs»4fi©ja»f73©uvxs?sy. i^LTgfg 
*aar*uvxwp**©T, *©««*tf*»c»-3 

T> L^tX-5vytcBLT**<»iW*©T, IX 

&Re©at*»A*fc»tci4. auvxrottts^^ 



(6) 



1tli¥8-24 8 3 1 7 



R£tf*?fcoTft©fiKtf»6TBL<ftft. Lfctf 

wmziEa>ms\n t ©3$l^©s^ip] iftciE u >xk 

[0042] c<7>m2uvxpi*. nomtRttzft-orc 

t# i aoeaiLawwcfc*. u# i^ax*;* hu© 
tt a e g dft*$ < xft u vxtcii a e g( i=£/jN* < r ft c 

[0 0 4 3] Cft5©jSft*SLT»StoWttft8S*L 
fclSJ*. S5if©&# (4) , (5) , (6) , (7) ft 

ssErscttfasLfctftatBLfc, 

[0 0 4 4] (4) ©±Hftttil*t»UVXfl5» 

*ic ft y trr 1 aoeMiEtf attic* y . mm 

Kfcttft«*©fetttt*ttattlcfcttftlUfe«tt*HI 
WtettiETftEfctffflWEft*. *fc"FHftHa.«£* 
©tfttifch* < 4: »J T U VXBTO 2 ^X^? 

h/U©»iE©fc»<D*ft (5) £*£-r*flltt©atttf 

it L < &£> 0 

[0 0 4 5] *fr.(5) ©±BftSil5i:2*x^l> 
;U©ttiB^tf«:l>*-ft tefflitiJfcftffittftMS 

»tt©«£» n uvxrsstr ft nav^y y/ 

*Kft y ? £TttimUNIiE'?e& < ft y s x&#© 

tt#tt©wB©»£» i yw&ffiiEtfmmzrj:*, x& 

# (5) ©TKftS*ft£JgJ/r$©gl/^V$>S*©5S 
«cB«*nT5«tf** < ft y » 1 a©fe«iEtf T+ 
tflcftft. 

[0 0 4 6] £ft (6) ®THfttt*.*£iEUVX©# 

[0 0 4 7] (7) ©TPgftS*.ft<!:&ff (6) ft 
*£r*fttt4)Hft#BttlCftft. 
[0 0 4 8] »2U>XWCfi^TjEUVXKJ:*2* 
hJU©BiEtt£ftKA6ftfc*tc& 

(7' ) , mcfetbzrctbwmft o" ) ftas-rft 
c&#b*u\ 

(7' ) 0. 0 2 0< (A0 g d) 2p 

(7" ) 0. 0 2 5< (A0gd) 2p 

[0 0 4 9] MIC *«WOX-ixUVX»C*^T» « 
3UVX*M:»4UVXWtt, fC2UVXi¥ft«tiiLfc 
WB0t«ftlS»*#SUVXPT«-3Ts *3lxVXS 
Xte3S4UVXS¥s *ftLS*CftS»3. J&4UVXB 
©-85© UVXtfa 9-®8tl**5. X- 
SV7fcBLTJttt±fti5£lc£»;2rttft 0 LfrU E 



ft S ttttttttttttKW'Krs ft fc&j&IBfr 6 SiSSlc 
6HtT©JRM©56S«jRttitKWe)£ LTL>ft 0 
[0 0 5 0] CftS»3L/>X». »4U>X»tt, ^ 

fntiE©u>xffT«ftfci&, mi\syxmtmmo 

#*?««ttiE*f5ft7ltfJ:i^ tt3, H4 UVXI¥ 
«\ ^«U>XSfTftftfci6jE©®tlT^* ? 3S<fe"RSJ« 
ttOWttWc* y \y / t-i &#ft % It Lfttt 

ntfftsftis c©js«#jiLT»3. mtisyxmiz 
mLTWttttmtLttmm* imeft#'(8) . 

(9) , (10). (11) *aUET*CfctfH*U^ 
CiftmtBLfc. 

[0 0 5 1] (8) ©±B*ttAfttftU>X©# 

a*! 5 ** < ft y 1 ^©fesiEtctiSfijrftft6\ 

(9) *tttiA6 9 0Mtt*mRTZZt&Bmi£ 
ftft 0 Sfctt* (8) ©TH*aA*tftUVX©»||[ 

mv&wjs ^©feffiiE^Hiticfty. i£ft«ic^ 

ltftfg*®&tttt£aatt(c£l*ft|^&iRBftnttlc 
ISIE-fftE<!:tffflitlcftft. 

[0 0 5 2] (9) ©±B*tt**£2*X'<*h 
/Uft*jErft3&flt«iB*|SaKfty» XTPBft3«a.ft<!: 
sfett (8) ftBfiTftWttftBftCttfBttlCftft. 

[0053] Sft (10) ©±Pgft®7lft<!:iEUVX© 
< ft y "T #T 1 %©&ffiiE#Btt(cft 'J Eft 

[0054] ftft (1 1) ©THftiljl«£2*X'<* 

h / i/©»iE»*/Mx* < ft y v mao&iRStttitftt s 
ftftlA. 

[0055] ±ib©^# (i o) . (ii)ftasr* 

e#»W*tlis Bgrttfthd 1 < ^ y % > / \*-;U6^b-r ft 
te^ntfSft. ZtVtttfltWZs JB4UVXB*. « 

f*«*ywjc. iE©sfff7Dft«-rftm4 1 is>xmtn 
©siff7jft^-rftS4 2 uvxstKTSuarftc tfl 5 

»$LL>. m4U>XI¥ftC© t J:3ft»J:rftc:i:lc 
«toTM2 U>Xfi8»©©©H«T^ft«^?-ttT^'y«> 
/\*-yUft©?iiEft?TftoT i tC©m2 bvXfifcttftji® 

r fttt±3«iKfl4s < «©«a^©««ft»/i»iEr * c 
ttfffl**. x^yy/^-;uafta»K«jEr5fti6(c 
it. jEis>xo>&mmzib*zmm<rz£t&mt; 

L<mwmctt. TIBIfeft (13) ftjSJETftCttfS 
[0 0 5 6] 

(13) 1. 48< (n e ) 34p <1- 6 5 
fc/cU (n e ) 34p tt»3U>XW. 141/VXSt 
«fiE"T ftlE U >X© e l8T*©S»T*©¥^«T*«ft. 

[0 0 5 7] ftft (1 3) ©±PSfti6S^ft<!:Sfe# (1 

i) ft^s-rft^«fts«?-rftc:<t:* , 'T'$ft<fty, x 
TPBft^ft f< >y v/t-ivmvmittfm l<. ni<> 

X<DMmtiZ±Z< LTtffi2©JRM©iI{tftJSfr-fU:*f§ 

jEr*ctfl«ffl*ftt\ 
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[0 0 5 8] tits «*©fti|MM)«|jE©fc46lC|! 1 U 
VXSlCBl^ft U VXfcH5»©«tt*B^*i«tt 
tfBl^£*l*» B3UVXS£B4U:/XS?ffl2*X 

tts.TEftft (9' ) , (IT) €«JEt*i:ttfa 
*U\ 

[0059] (9' ) -0. 005< (A0gd) 

34n < 0 . 0 0 5 
(IT) 0. 0 2 5< (A0g<j) 34p 

46lCttTE*# (14), (15). (16), (1 
7) , (18), (1 9) *»BT*E£«M:U\ 
[0060] 

(1 4) 0. 1 0<<pi /<pw <0. 2 1 
(15) 0. 54<|(p2/<PW l<0. 76 
(1 6) 0. 1 0<<p3 /<p«| <0. 2 6 
(17) 0. 2 6<<p4 /<PW <0. 4 5 
. (18) 0. 1 9 < | <P42/<PW l<0. 4 8 
(19) 0. 3 8< | <P42/<P41 I <0. 7 4 
/c/cU <pi , cpz . 93 • <P4 • <P41- <P42- 
BIUVXB. B2 1/VXB. B3UVXB. B4UV 

xs. B4uvx8fc>si u>x«#i3«i:tf»4uvx 
■m>B2u>xb»©h*mj» <pw ttflamicfew-*^ 

£©B&r7JT*£*<, 

[o o 6 1 ] jfcfr ( i 4) ©jtRsnar* i uvxb 

©S»f*tf*lcS5iS2 UVXgMOSSrTJfc^fcLft 
l*&/f7VZff&tlft<fty. L/>X&©/*<y?7*- 
ax©MB^£B*fi< TfcfctttettfiSreSSik R 
BBBlcBBBT^MBMak nviRg, MMMXBtfB 
ftLflSfl)U>X»T«uEttJ*a:t\ (14) 4)T 

B*«*T«1 U>XS©ffl»r2l#'N::ft*i:B3 U> 
XP-PSB4 U>X8?«£T*H±fe«**f8»©&K 
BSJctraEBBOBiEtf BSKft U *#lc£ft4£frS* 
IBfUSUaiKfr WTOJWMMItf < ft* 0 
(0062]^ft(15) ©±B*B*TB2L/>XS 
©BJfWjtf^Kft*^ \s>Xm<0/i'y<77*-t}Z<0 

XW*fl)^m(rOU>XSW)B»r**Jt****«8« 
y » *©fc&fl^ffifr SB>SiSlCjbH*T<D»iKB© 

5) <DTm*®X.Tm2[s>Xm<DMtFrt!&>MC%:Z>£ 

±lt Lfttttltf ft 6?' UVX^tf^Slcft*. MlcjE© 
U>XS-PB£r*B«WB«B*ftff KMiEr* C t 
tffflBlcfttK «SHKM<D^i!i!b^tcftS. 
[0 0 6 3] ft# (1 6) <D±B«MXB3UVX» 
©B8M3tf;tt=ft*fr» (17) «>TB*Bj{.B4 

f =9.061 ~25.464~71. 998 , F/2. 

2 OJ =49. 947° ~18.297° ~6.327 0 

ri =139.5134 



ls>Xm<DMBil3ft>MzlZi£iE<Dfflli1]&n 3 U>X 

*^ttffiatticfet^T*±fi««tf *$ < bot*. c 

;l/BB0S»tf**<fty«iEtfBKU:ft*. $fcBfr 
(16) ©TB*tt*TB3UVXS0B«atf'MCft 
*fr&# (17) ©±H*e*T»4 L/VXS©B»W3 
tf*lCft«fcjEOJHJWltfIl4UVXIBdl*y» Sg4 
UVX8fcTB£T**E<l«^tt±fe«Bflyil*L« 
iEtfBBfcft*. 
[0 0 6 4] (18) ©±B£K*T I cp 4 2/<P 
W I ©Btf*fcft*jWfcft (19) ©±H£i6S*.T I <p 
4 2/^41 I ©deleft*,*:. B4U>XSl*MCj5W- 

$&mtLT j^yxzt %z.t ftmmzti »j . jaw 
T'<Dfe)ixMs sa^T'©p<yT-f*^i/«ffi»ffl. Eft 

B*S*MBjaEBfcjW*T©37JRBtf ** < B»L 
»*L<ftt\ 2*lc&# (18) ©TBfciSjLT I <p 
4 2/<PW I ©ffl*W^<**^*ft (1 9) <DTB£ 
I <p 4 2/<P4i I ©ffi*Mvar< ft* £ JESSES 
MiUgl-WCO* y 7-f **;l/BBBft fcB±feBa 

©ffl»^**< ft*. BK^BBBEftfreraitcfr 
»T©aniR«tf*# < as Miir * c £ # sittcft 
*. 

[0 0 6 5] KKBff (1 4) 71S&# (1 9) (Cjfcl^ 
T*<D±TB©B*TE*ff (14') TbM (19') 
iC/^f <fc 5 icrtitf— BB* Lt\ 

[0 0 6 6] 

(1 4' ) 0. 1 2<<pi /<pw <0. 1 7 
(1 5' ) 0. 57< I <p 2 /m l<0. 73 
(1 6' ) 0. 1 0<<p3 /<pw <0. 2 3 
(1 7' ) 0. 30<(*>4 />W <0. 4 1 
(18') 0. 22< I <P42/<PW l<0. 45 
(19' ) 0. 4 1< | <P42/<P41 I <0. 7 0 

(14), (16), (19) OfCUKTEB 

ft(14')', (16"), (1 9" ) *»Er*C£ 

#B*U\ 

(14") 0. 1 2 5<<p i/<pw<0. 145 
(1 6" ) 0. 1 7<<p3/>w<0. 2 3 
(19") 0. 45< I <P42/<P4 1 l<0. 7 
0 

[0067] 

[StBffll] &te*SB©X-Z»UVX©SIISS0!l«jS 

r. 

H^JI 



(8) 
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di =2.5000 ni =1.81264 v i =25.43 A0 g d=O.O165 
r2 =80.9589 

d2 =1.0000 
r3 =103.9774 

d3 =7.2273 n2 =1.43985 =94.97 A0 g d=O.O622 

r4 =-249.3944 

d4 =0.1500 
rs =48.1566 

ds =6.3422 n3 =1.43985 1/3 =94.97 A0 g d=O.O622 
r6 =390.6397 

d6 =0.1500 
rj =36.0540 

d 7 =4.2911 n 4 =1.43985 v 4 =94.97 A9 g d=0.0622 
rg =61.0815 

d8 =D] (rJ^) 
rg =61.5748 

dg =1.5000 n5 =1.60548 1/5 =60.70 A0 g d=-O.OO32 
r 10 = 15. 7087 

d io=14. 9271 
m=-21.1656 

d n = 1. 5000 n6 =1.60548 v$ =60.70 A0 g d=-O.OO32 
r 12=20. 7844 

d 12=0. 1500 
r 13=20. 6360 

di3=8.6002 n 7 =1.84281 1/7 =21.00 A0 g d=O.O356 
r 14=57. 3063 

di4=D2 (rIS) 
r 15=<« flRy) 

d 15=1. 0000 
r 16=-331.3956 

d 16=2. 5000 ns =1.57098 =71.30 A0 g d=O.O266 

ri7=-32.3660 

d 17=0. 1500 
r 18=15. 8324 

d 18=2. 5000 rig =1.57098 v/9 =71.30 A0 g d=O.O266 
r 19=-158.1052 

di9=0. 8531 
r 20=^26.1704 

d 20= 1.5000 n 10=1. 80642 \/io=34.97 A0 g d=O.OOO3 
r 21 =80. 3910 

d21 = D3 (pJS) 
r 22=70. 0995 

d22=2.8000 n 11 = 1.57098 1/ 11=71. 30 A0 g d=O.O266 
r 23="20. 7695 

d 23=0. 1500 
r 24=19.7179 

d 24=8. 7237 n 12=1.57098 v 12=71.30 A0 g d=O.O266 
r25=-105.4606 

d25=0. 7647 
r 26="18. 6567 



(9) 
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d 26=1- 5000 n 13=1.85649 v 13=32.28 A6 g( j=0.0022 
r 27=-174. 0609 

f 9.061 25.464 71.998 

Di 1.4000 19.7747 33.1226 

D2 34.6787 16.2987 2.9565 

D3 7.3055 4.8140 8.0961 

1/ (vd ) 1n=0. 039 , 1 / (v/d ) 1p=0.011 , (A0 g d) 1n =0. 017 
(A9gd) 1 P =0.062 , 1 / (v/d ) 2n=0.017 ( 1/ (v/d ) 2p=0.048 
(A0 g d) 2n=~0.003, (A0 g d) 2p=0.036 , 1 / (v/d ) 34n =0.030 

1/ (vd ) 34p =0.014 . (A0 g d) 34n =0.001 
(A0gd) 34p =0.027 , (n e ) 34p =1.571 , <pi /<pw =0.136 

I 92 /m I =0.691 , <p3 /(pw =0.182 r <p4 /<pw =0.392 

1 <P42/>W I =0.370 , | <P42/<P41 I =0.609 

[0068] %im\i 

f =9.046 ~25. 465~71. 992 , F/2.0 

2 co =50. 417° -18.243° -6.344 0 



ri =152.3247 












di =2.5000 


ni 


= 1.81264 


V1 


=25.43 


A0gd=O.O165 


r2 =83.1327 










d2 =1.0000 












r3 =103.0268 












d3 =5.5936 


n2 


= 1.43985 


V2 


=94. 97 


A(9qd=0. 0622 


r4 =-236.3738 












d4 =0.1500 












rs =48.2477 












ds =5.9198 


"3 


= 1.43985 




=94. 97 


A (9gd=0. 0622 


r 6 =440. 1637 












d6 =0.1500 












rj =34.9932 












d7 =4.0660 


n4 


= 1.43985 




=94. 97 


A0 g d=O. 0622 


rs =61.8422 










ds =Di (rJ^) 










rg =72.3857 












dg =1.5000 


n5 


= 1.60548 


^5 


=60. 70 


A6gd=-0. 0032 


r io=14. 5704 










d io=12. 4293 












r n =-19. 9601 












d n = 1. 5000 


n6 


= 1.60548 


V6 


=60. 70 


A 0 g d= -0.0032 


r 12=21. 1642 










d 12=0. 1500 












r 13=21.0503 












d 13=6. 1625 


n7 


= 1.84281 


V7 


=21.00 


A0gd=O. 0356 


r 14=69. 8615 












di4=D2 (rTS) 










r 15=°° «U) 












d 15=1. 0000 












r i6=-287.7720 












di6=2. 5000 


n8 


= 1.57098 


^8 


=71.30 


A0gd=O. 0266 


r 17="30. 3056 












d 17=0. 1500 













(10) 
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r 18=16. 9576 

d 18=2. 5000 n9 =1.57098 =71.30 A0 g d=Q.O266 

r i9=-87. 5745 

d 19=2. 0057 
r20=-25.8774 

d 20= 1.2000 n 10=1. 80642 i/io=34. 97 A0 g d=O.OOO3 
r 21 =66. 8633 
r 22=61. 9059 

d22=2.8000 n 11 = 1. 57098 v n=71.30 A0 g d=O.O266 
r 23 ="21. 0746 

d 23=0. 1500 
r 24=21. 0941 

d 24=7. 3060 n 12=1.57098 v 12=71.30 A0 g d=O.O266 
r 2 5="79.5816 

d 25=0. 7497 
r 26=~21. 1787 

d26=1-2000 ni3=1. 85649 V13=32.28 A0 g d=O.QO22 
r 27 =-356. 0244 

d 27=1. 0000 
r 28=°° 

d 28=7. 0000 n 14=1. 51825 v 14=64.15 
r 29=°° 

f 9.046 25.465 71.992 

Di 1.4000 19.8294 33.1916 

D2 34.3586 15.9299 2.5658 

D3 8.2701 5.1604 7.9118 

1/ (vd ) 1n=0.039 , 1 / (i/d ) 1 P =0.011 , (A0 g d) ln=0.017 
(A0 g d) 1 P =0.062, 1 / (v/d ) 2n=0.017 , 1 / (v/d ) 2p=0. 048 
(A0 g d) 2n="0.003, (A0 g d) 2p=0. 036 , 1 / (vrf ) 34n =0.030 

1/ (v/d ) 34p =0.014 , (A0 g d) 34n =0.001 
(A0 g d) 34p =0.027 , (n e ) 34p =1.571 , <pi /<pw =0.140 

I <P2 />W I =0.707 , <pi /<pw =0.199 , q>4 /<PW =0.389 

1 <P42/<PW I =0.344 , | 942/<P41 I =0.564 

[0 0 6 9] HB60J3 

f =9.150 -25.430-71.943 , F/2.0 

2 cu =50. 125° -17. 851° -6.284 ° . 
M =67.3534 

di =1.8000 ni =1.80642 v\ =34.97 A0 g d=O.OOO3 
ri =41.7227 

d2 =5.3000 P2 =1.43985 v/2 =94.97 A0 g d=O.O622 
r3 =-310.9797 

d3 =0.1000 
r4 =36.7193 

d4 =3.9573 n3 =1.43985 1/3 =94.97 A0 g d=O.O622 
rs =204.0192 

ds =Di (rT^) 
re =-176.6655 

d6 =1.0000 n4 =1.65425 1/4 =58.52 A0 g d=-O.OO5O 
r7 =12.9811 

dy =3.7851 



(11) 
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rs =-24 9700 

d8 =1.0000 ns =1.65425 V5 =58.52 A0 g d=-O.OO5O 
rg =68.5111 

d9 =0.2000 
r 10=28.4668 

d 10=2. 8000 n6 =1.84281 ve =21.00 A0 g d=O.O356 
r n = 190.5820 

dn = D2 (rIS) 
ri2=°° WU) 

d 12=1. 1000 
r 13=15. 2088 

di3=3.8000 n 7 =1.57098 v 7 =71.30 A9 g d=0.0266 
r i4=-55.0074 
r 15=37.4721 

dis=D3 (rHB ■ 
r 16=22. 0013 (#«ffi) 

d 16=2. 8000 n9 =1.57098 V9 =71.30 A0 g d=O.O266 
r 17=802. 9020 

d 17=0. 1000 
r 18=24. 9962 

d 18=1. 0000 
r 19=17. 2865 

di9=2. 8000 
r 20 =-53. 7034 

d 20=0. 1000 
r 21 = 13. 9402 

d 21 = 1.3321 
r 22=8. 5579 

(1131) A4 =-0.27966X10-4 
As =-0.15668X10-9 
(«1 6BS) A4 =-0.54064X10-4 
As =-0.16407X10-9 
f 9.150 25.430 71.943 

Di 1.5000 22.8193 39.2193 

D2 39.7158 18.3971 2.0017 

D3 7.6660 3.2561 2.8387 

1/ (vd ) 1n=0.029 , 1 / (v/d ) 1p=0.011 , (A0 g d) l n =0.000 
(A0 g d) i p =0. 062 , 1 / (v/d ) 2n=0.017 , 1/ (i/d ) 2p=0.048 
(A0 g d) 2n=~0.005, (A0 g d) 2p=0.036 , 1 / (i/d ) 34n =0.028 
1/ (vd ) 34p =0.014 , (AO g d) 34n =0.002 
(A0 g d) 34p =0.027 , (n e ) 34p =1.571 , <pi /cpw =0.131 
I <P2 /m I =0.605 , <P3 /(pw =0.193 , 94 /<pw =0.319 
I CP42/<PW I =0.235 , | (p42/<P41 I =0.484 



n 10=1. 75453 1/ 10=35. 27 



n ii = 1. 57098 m=71.30 



A0 g d=O. 0036 
A0 g d=O. 0266 



n 12=1. 63004 v 12=35.70 A8 g d=0.0002 

A6 =-0.87535X10-7 
A 6 =-0.98203X10-8 



[0 0 7 0] SiSSflj4 



f =8. 938 -25. 441—71. 978 , F/2. 0 
2 u) =49. 346° -17. 658° -6. 204 0 
M =94.8594 

di =1.8000 ni =1.85649 
r2 =52.0731 



vt =32.28 AO g d=0.0022 



(12) 
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d2 =5.5535 


n2 


= 1.43985 


V2 


=94. 97 


A0 g d=O. 0622 


r3 =-330.4893 










d3 =0.1000 












r4 =44.1397 












d4 =4.1218 


n3 


= 1.43985 


^3 


=94. 97 


Ae gc j=0. 0622 


rs =175.9434 










d5 =0.1000 












re =40.1589 












d6 =3.9902 


n4 


= 1.43985 


V4 


=94. 97 


A0 g d=O. 0622 


rj =145.1529 










d7 =Di (rT^) 










rg =609.3378 












ds =1.0000 


ns 


= 1.62033 


V5 


=63. 38 


A0gd=O.OO7O 


r9 =10.5608 










dg =4.4739 












r io=-44.5113 












d 10=1. 0000 


n6 


= 1.62033 


V6 


=63. 38 


A0gd=O.OO7O 


r n=35.1888 










d 11 =0.1688 












r 12=17.3152 












di2=0. 9992 


n7 


= 1.84281 


vi 


=21.00 


A(9 g d=0. 0356 


r 13=30.9795 










di3=D2 (rJS) 










r u=oo ORy) 












d 14=1. 1000 












M 5 =-i7.97i4 &mm 










d 15=1. 2101 


n8 


= 1.62033 


^8 


=63. 38 


A0 g d=O. 0070 


r 16 =-28. 9343 










d 16=0. 1000 












r 17=25. 1740 












d 17=1. 6914 




= 1.60520 


V9 


=65. 48 


A0 g d=O. 0059 


r 18=-67.6119 










di8=0. 8091 


niO 


= 1.64419 


MO 


=34.48 


A0 g d=O. 0016 


r 19=-282.2911 










di9=D3 (pjg) 










r 20=288. 5352 (#3#ffi) 










d 20=3. 6317 


nil 


= 1.43985 


11 


=94.97 


A0gd=O. 0622 


r 21 =-21. 9444 










d 21 =0.1000 












r 22 = 16. 6233 












d 22= 1.0000 


ni2 


= 1.69417 


v 12 


=31.08 


A0gd=O. 0024 


r 2 3=9. 4208 










d 23=5. 0129 


nB 


= 1.62033 


V13 


=63. 38 


Ae g d=0. 0070 


r 24=-76. 6563 












d 24=0. 1000 












r 25=18. 2512 












d 25=1. 3824 


ni4 


= 1.63004 


vi4 


=35. 70 


A(9gd=0. 0002 


r26=9. 9560 























(»15ffi) A4 =-0.28298x10-4 , A6 =-0. 90598 X10"? 
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As =-0.75613X10-9 
(S2 0ffi) A4 =-0.64725X10-4 / A6 =-0. 55523 X 10"7 
As =-0.13010X10-9 



f 

D 2 
D3 



8.938 25.441 71.978 

1.5000 19.8080 33.9524 

33.4539 15.1482 1.0044 

8.7909 6.7174 13.6922 



1/ (v>d ) ln=0.031 , 1/ (v/d ) lp=0.011 , (A0 g d) l n =0.002 
(AGgd) i p =0.062 , 1 / (vd ) 2n=0.016 , 1/ (v/d ) 2p=0.048 
(A0gd) 2n=0.007 f (A0 g d) 2p=0.036 , 1/ (i/rf ) 34n =0.024 

1/ (v>d ) 34p =0.013 , (AGgd) 34n =0.003 
(A8 g d) 34p =0.025 , (n e ) 34p =1.555 , <p\ / >w =0.157 

I 92 /<PW I =0.629 . <p3 /<pw =0.124 , q>4 /(py =0.395 

I <P42/<PW I =0.241 . | <P42/</>41 I =0.435 



f =9.304 —25. 457-71. 964 , F/2.0 
2w=49.471° -17.846° -6.262 0 
M =69.3098 

di =1.8000 ni =1.85649 v 1 =32.28 A0 g d=O.OO22 
r2 =43.4214 

d2 =5.1245 n 2 =1.49845 v 2 =81.61 A0 g d=O.O364 
r3 =-460.3535 

d3 =0.1000 
r4 =37.6226 

d 4 =4.0485 n 3 =1.43985 v 3 =94.97 A0 g d=O.O622 
r 5 =185.5159 

ds =Di (pfg) 
r6 =-251.4932 

d 6 =1.0000 n 4 =1.60548 v 4 =60.70 A0gd=-O.OO32 
r7 =12.5818 

d7 =4.6702 
rs =-23.2644 

ds =1.0000 ns =1.60548 v/5 =60.70 A0 g d=-O.OO32 
rg =75.0852 

dg =0.1433 
r 10=28. 1893 

d 10 =2.0000 n6 =1.84281 vfi =21.00 A0 g d=O.O356 
r n = 114.7892 

dn = D2 (pia) 
ri2=°° (»y) 

d 12=1. 1000 
r 13=16. 8270 (#M 

di3=3.0702 n 7 =1.57098 v/7 =71.30 A0 g d=O.O266 
ri4=-45.9010 (IBSE) 

d 14=0. 8305 
r i5=-29. 2714 

di5=0.8000 ns =1.64419 i/g =34.48 A0 g d=O.OO16 
r 16=163. 1174 

di6=D3 (pf£) 
r 17=38. 0917 (#»iG) 



[00 7 1] $ffiffl|5 
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[0072] m 



n 10=1.80642 vio=34.97 



n 11 = 1. 57098 1/11=71.30 



A0gd=O. 0003 
A9 gc j=0.0266 



n 12=1. 60548 v 12=60.70 A 0 g d=-0. 0032 

A6 =-0.77526X10-7 
A 6 =-0.11792X10-6 
A 6 =-0.19478X10-7 



di7=2.0000 n 9 =1.57098 v 9 =71.30 A9 g d=0.0266 
r l8=-35. 1200 

d 18=0. 1000 
r 19=16.2153 

d 19=1. 0000 
r 20=10. 0172 

d20=4. 2918 
r 21 =-51. 0748 

d21=0. 1000 
r 22=66. 1152 

d 22=1. 3243 
r 23=10. 9915 

(fg1 3ffi) A4 =-0.17119X10-4 
As =-0.61292X10-9 
(£1 4 S) A4 =-0.47301X10-6 
As =-0.11550X10-8 
(S17E) A4 =-0.62049X10-4 
As =-0.39877X10-9 
f 9.304 25.457 71.964 

D1 1.5000 22.7213 39.7359 

D2 39.7305 18.5090 1.5000 

D3 9.1586 5.3246 6.9050 

1/ (v/d ) 1 P =0.011 , (A0gd) in=0.002 
1/ (vd ) 2n=0.017 , 1/ (v/d ) 2p=0.048 
(AOgd) 2p=0.036 , 1 / (vd ) 34n =0.023 
1/ (v/d ) 34p =0.014 , (A8 g d) 34n =-0.000 
(A0 g d) 34p =0.027 , (n e ) 34p =1.571 , <pi /<pw =0.134 
I <P2 />W I =0.598 , 93 /<pw =0.208 , <p4 /<pw =0.319 

1 <P42/>W I =0.423 , I <P42/>41 I =0.686 

f =9.015 ~25. 458-72. 000 , F/2.0 

2 cj =50. 789° -18. 205° -6. 307 0 
M =140.8301 

di =2.5000 ni =1.81264 
r2 =78.8473 

d2 =1.0000 
r3 =106.3821 

d3 =4.1253 n2 =1.43985 
r 4 =-248. 1614 

d4 =0.1500 
rs =47.1352 

ds =5.8436 n3 =1.43985 
r6 =620.9556 

d6 =0.1500 
ry =33.7548 

d7 =4.0084 n4 =1.43985 
rs =60.1247 

ds =D1 (rTS) 
r 9 =67. 2809 



1/ (vd ) 1n=0.031 
(A0 g d) lp=0. 049 , 
(A0 g d) 2n=-0.003, 



i/1 =25.43 A0 g d=O.O165 



V2 =94.97 A0 g d=O.O622 



1/3 =94.97 A9 g d=0.0622 



V4 =94.97 A0gd=O.O622 
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d9 =1.5000 ns =1.60548 1/5 =60.70 A 0 g( j=-0. 0032 
r 10=14. 5860 

d io=11. 3750 
r 11 =-19. 6696 

cl n = 1. 5000 n 6 =1.60548 v 6 =60.70 A 0 g d=-0. 0032 
r 12=20. 4105 

d 12=0. 1500 
r 13=20. 6872 

d 13=4. 0032 r»7 =1.84281 vj =21.00 A8 g d=0.0356 
. r u=67. 4603 

di4=D2 (rJ£) 
ri5=°° «y) 
r 16=155. 3540 

d 16=2. 5000 n 8 =1.57098 1/3 =71.30 A0 g d=O.O266 
ri7=-34.2982 

d 17=0. 1500 
r 18=14.8060 

d 18=2. 5000 ng =1.57098 v$ =71.30 A0 g d=O.O266 
r i9=-191.1452 

di9=0. 8527 
r 20 ="27. 3848 

d 20= 1.2000 n 10=1.80642 1/10=34.97 A0 g d=O.OOO3 
r 21 =50. 6393 

d21 = D3 (pT£) 
r 22=65. 3893 

d 22=2. 8000 n 11 = 1. 57098 vn=71.30 A0 g d=O.O266 
r 23=^19.3708 

d 23=0. 1500 
r24=20. 3762 

d 24=7. 0318 n 12=1. 57098 v 12=71.30 A0 g d=O.O266 
r25=-111.1751 

d 25=0. 9735 
r26=-17.4860 

d 26=1. 2000 n 13=1. 85649 v 13=32.28 A0 g d=O.OO22 
r 27=-109. 6380 

f 9.015 25.458 72.000 

Di 1.4000 18.9748 32.8362 

D2 33.7987 15.3195 2.3984 

D3 7.0203 4.9939 8.1918 

1/ (f d ) ln=0.039 , 1 / (vd) lp=0.011 , (A0 g d) ln=0.017 
(A0 g d) i p =0.062 ( 1 / (vd ) 2n=0.017 , 1/ (vd ) 2p=0.048 
(A0 g d) 2n=~0.003, (A0 g d) 2p=0.036 . 1 / (v/d ) 34n =0.030 
1/ (vd ) 34p =0.014 , (AO g d) 34n =0.001 
(A0 g d) 34p =0.027 , (n e ) 34p =1.571 , <p*\ /<pw =0.144 
I <P2 /<PW I =0.695 , <p3 /<pw =0.209 , 94 / q>% =0.387 
I <P42/<PW i =0.369 , | <P42/<P41 I =0.596 
fcfcLn, r 2 , ■•■ ttUVX#E0fl|*¥8L d [0 0 7 3] Hifcfflll &E1 tC^TO V OttMT* 

1 , d 2 , ••• ttftUVXO+i&rtfftJcfctfUVXH fflfrSHIK, iEOH»r**eLX-5>ytciBLTHS 

H> ni, n 2 , ■•■ \t&ls>XO)et&<0®ffim* v ?**S1 l/VXW£. fiOH9r***LX-5>yfc 

1, i/2, ••■ ttftUVXeDdeo^y^ft-p**. BLT««±**»Jc*BLT»g«MB*JtoIB2UV 
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Xmts IE©fflST7j£WLX-SV?fclBLt@£T*a5 
*W3UVXS£» iE©JBHJr73*WLX-5V?fc|RL 

UVXg^freSSUyX&Tfc*,, X#UVXStt» 
*1 U>X«KflWWBfrSHH«:» Ci9i«*ttflgicfil*fc 
ft©* - XtX U VX£jE©JB«*J©3*l^©B*** 
fflUciSiltfciliaUVXtftftflHCiaE^fRlltfciEflDy^. 
X£XU>X2tt<!:cfcysy. m2U>X8¥6\ ttttft 
£»JMKU OB*WM0U:iRlttfc&©/=X;&XUVX 
■fcffiia U VXtWMP ItCfiffi^lRlW fcIE©* - XtiX u 

vxt«j:y*tis »3i/vx»tf» wm&vmizs & 
say* ^4u>xgf/3\ «*<ijfrsiiic. iE©B»wj 

fJtCftt*fcft©*-XftXUVX<!:J:yfc^Tl>?>o 
[0 0 7 4] C©Hffi15iJ 1 ©X-AL'VXWiRMlOZ 
I*. H7. 08, H 9 \Z.m JiUTSoTs IBUftWA 

[0 0 7 5] HSS«lj2li, E12lC^-TJiy©^fiXT\ n 
M!I1 ^^©Jgl&DUyX&TS*. 02tc33l>TU 
>X&<hg&B£©F.mcKg£*iTl^¥B;ISt;J\ fe7 
^ /U* — £ □ -/ ix 7 <r ; u * -JWMfcSMIS? L T 

[0 0 7 6] C©Hli«U2©iRM«>Rttx SI 0, 01 

i. hi 2tcjR-rayT*5.. 

[0 0 7 7] HM"J31S. 0 3tCjjVf U>X*gJ$T\ to 
S«U:». iE©HSf2)*£ LX-S LTH 
UVXlte. »©JB»f**irLX-Svy 

iciBLTjia»±s«iiK»»L»aiflB*^-r*S2 u 

>X8M:, jE©H»T73**LX-5>yic|RUTH3ET 
*3»3UVX8M:» iE©ja*f73=&*LX-5>'7*tClS 
L T3 1 c«l±*Su^lc^» L T«Bitin©m«)T« 5 Jg 
4U>XI¥<5:J:yS5„ xmi U>Xsm. 1fe#ffiy:y 
jilt::. i2iBB*1W*fiU:filH-rcft©/~XAX b VXilE 
©H»T*©5St^©®€»i*ffl'N|R]lt/cSiauvXtS 

Kfcfc-ttfcftsuvxts tiftffltcaBfciRjttfciE©/ 

elite g©s»r7j©3Su^©s^ffli iKAttfemg u 
yxts mwvyxt. vmmzawzfoittciEO)*- 
xtixisyxtfrSKv, m3u>xptt, ttfcMijfre. 

lite, JRy^x IE©JB»WD©a^*©llI**f*:fflteftW- 

tmaisyxtffiwi'yxtZMittittcmsisyxt 
*y*y, SMuvxgfts, ^fj^eiiiic ab£%i 

f*fflStC|RiW-fcIE©p<^:X*XU>X<!:. CiH^ftffiiJlc 
ftttfeft©* UVXchffiA UVXi: zm-S Lfc 



VXtfr6*y» mi 3E£SM 6B6\ TfS©iCtcT 

ato?ti^>^tt©^ffir$^o 

l+Vl-Ck+lXy/r)' 

[0 0 7 8] fc/cL^«i^(Rl^ztt^|p]tCi:y, JtttlC 
ytt#&lc&£. X r li#I#B©)£i(ltt*¥ 
KliRIISCk aj li#ttBffift?«3. 

[0079] c:©llffi«ij3©u>x^(*. ##B£«ffl 

f^CttCJeoT. JR&flliE©gAa&t*U UVX 
3R©^fiSS< L/ct©T\ HfiSftl 1 , 2 tfggtftt 1 
2 0 LT» IS»ffilT'U:J^«£gj{fl& 1 

0 OmmT^-So 

[0 0 8 0] C©ftttftl3©iR&:R3Z& H1 3, 01 
4, HI 5K;jVfi§y?-35£o 

[0081] mnmttts H4icgj-ray©«wi-p«i# 

ffl<ty|lllc, IE©SJ/r^^^LX- = ><7-icR!LT@S 
©Jg1 U>XP£, »©H#f**#LX-5VyiClRL 

T3ttt±*miKc»»LTa«afiB*=ef **2 u>x 

S¥£. iE©SJiT^^*LX-S>^t|!8LT@S©m3 
U>Xgft. iE©S^^^LX- = >^lc|^LT3 , 6«i 
±*8WKC»»LT«iBffill©H»*fT*3»4 UVX 

aB£»«cftttfcft©*rxaxu>X,hIE©Jgfff 

^©»i^©as*%f*fflijiciBjttfeiiiauvxt««y^ 

fctf/cSSUVXi:. %K*fJtcflB^|o)lt/cIE©^-X 

*xL^>X2tt<t6^e^y. S2u>xef(i. 
elite »#fjtcciB«-iRjttrc&©p<-xAxuvx 
maisyxt. VBm\iz&m*faiitciE<D*-xt) 
xi>yxtis>z>rs.>) s m3U>XP«. fei*fj^5lill 
tc »y<t. {b®*&mizmftcmo>*-xi3xisyx 

t. E©JB»f *©SH^©H*«HMWciSDttfcffifl U V 
X<»:i2i®^ffliJlc|p)ttfcg©y-X*XU>X<!:^«^ 
L/cS^U>X«»:J:ysy, m4U>XP«. ^ftfljfr 

eintc lEroasT^wsit^roB^^fljtcifiitffciEuv 

Xtx affi£ttttffliJlcfcttfcft;*-xaxU>X£PA 
UVXt^ig^L/cS^UVXc!:, fiB^^fJtcipilt 
/i:»©P<-X*XU>Xi:J:y)5:y, mi 5Mtm2Q 

[0082] c<D^mm4it, nmm3 tmfatm* 

£>%h\ mi U>Xgf©IEU>X©tt»5^LT^tC 

j£fl«-p©ffiia«»©«ft*a*ju cmtcfc^miu 

VXWT5BSr*«IB<R*^3TiMI**3 UVXgftc 
ft U VX£ 2 «ci2Sr * d t tc * -5 TffiiE-r 5 cfc 3 tc L 

[0 0 8 3] COllSti«iJ4 0iRStt>«t*. HI 6, HI 
7. HI 8tC5jVri§yT££c 

[0 0 8 4] Hffi«<J5(iH5tO^-r®yT% HSSffll3t 
ti. »3U>XWtf» WMH^6«(C »y<!:, E©S 
«W3©at^©ii«MWIIfciRHtfcBCiUVXi, ft© 
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tttz&<0*-XtJX[s>Xtb s< blZiTl^&Z*1B : &T 
£„ XCO«!WW57tt» HI 311, Ml 4HL »1 7 

[0 0 8 5] £©H8&0J5li. «MI3i:tt«LT, # 

TO«IB<B», a^iWI. #£iRSII©g»tf-Jf'J>& 
<ftoZVS, 

[0 0 8 6] JBM5®«Stt3U*. HI 9, 02 0, 

02 1 icswiy?**. 

[0087] mmm 6 i 0 6 tea** u > x& 
t% %3 \syxmt%4\s>xmftt*>icx-~>?iz 

m LT3H*±*»il LT®ffiftB©*iiIE£*7 ft -a TV* 
jjSt» »3U>XflMk WMIJ:»JM(c. WJt. IE© 
®^7j©&0\£©S£&fflKftW-fcilAb>X<!^ IE© 

U jttt«l2*^L4©«»:5ic3BW[i*fflt' k *e:tft< 

[0 0 8 8] llftffl6<DiR&K3Z& 112 2, 02 3, 
@2 4tC5Vriit>T*£3„ 
[0 0 8 9] *IWHCfe^T» ffffH$4>OBlClBK« 

©aw*»sr « u>x^t»5. 

[0 0 9 0] (1) &t¥H$<DSH©ll!$3 1 * 2X 
'tt3tCE«*ftTl/»*UVX»-R «1 l/VXS&tflU 
3 bVX»tfafSOB»c*6ll±t£H3eT«5X-^UV 
X. 

[009 1] (2) MB (1) ©»CB«tfllTl** 
U>X&T\ flKASffiiE(D/'cttU:«4 UVXStf^ftt 
LTmi±Z&®t%X-klsyX 0 

[0092] (3) ft&m&vmmcDm&mmiti 

SSlHituE (D Xtt (2) (Ofl|lcE«*tiT^*U 
>X£T\ TIB&ft (1 4) 7SB (1 7) WfWft 

X. 

(1 4) 0. 1 0<<pi/<pw<0. 2 1 

(15) 0. 5 4< | <*>2/<PW I <0. 76. 

(16) 0. 1 0<<P3/>W<0. 26 

(17) 0. 2 6<<p4/>w<0. 45 
[0 0 9 3] (4) 13fffl*aOT©Rf$]il 3 

ttME (1) X8 (2) ©«KE«**iTLN4UVX» 
T\ «4UVXS#iE<DH*ra©*4 1 U>XS£fc© 
JS#r*)©Sg4 2 l/VX»i*6fty, TE©*fr ( 1 
8) fccfctf/Xtt&tt (1 9) *»E-r*X-AUV 



x„ 

(18) 0. 1 9< I <P42/«PW I <0. 48 

(19) 0. 3 8< I (P42/<P41 I <0. 74 
[0 0 9 4] (5) ME (4) ©WCI3K**IT^* 

U>X*?„ ftfl= .(1 4) 71M (1 7) *»Er*X- 
AU>Xo 

(1 4) 0. 1 0<<pi/<pw<0. 2 1 
(1 5) 0. 5 4< | (P2/<PW KO. 76 
(1 6) 0. 1 0<<p3/<PW<0. 2 6 
(1 7) 0. 26<(p4/>w<0. 45 
[00 9 5] (6) ttlfH*4)&H©lI$&l£«^ 
ttME (1) X« (2) fcfS®£*lTV*U>X&T\ 
TEOftft (4) 7iS (7) S»fi-r*X-Al/VX. 

(4) 0. 014<l/(vd) 2n<0. 017 

(5) -0. OK (A0 g d) 2n<0. 01 

(6) 0. 030<1/ (vd) 2p 

(7) 0. 0 1 5< (A6gd) 2p 
[0096] ( 7 ) ftftR$«)SH©flrft£ 1 X»* 2 

**i"«wib (D v (2) xii (4) omic&m&x 

Tl>*U>X3ftt\ TE©&# (8) 7SM (1 1) £5S 

jer*x-z*u>x. 

(8) 0. 020<1/(vd) 34n<0. 03 
3 

(9) -0. OK (A0 g d) 34n<0. 01 

(10) 0<1/(wd) 34p<0. 0166 

(11) 0. 02< (A9 g d) 34p 
[0 0 9 7] 

mw<D®m] *^^©x-Au>x(i, ttmmm* 
x-z»«j8wjft#5, mm^mwm.m.m^m^m 

[0®©ffi££I8SE] 

[h i ] *8E©ftss« 1 (omm^rm 
[02] *«w©n»s«ij2©«!fig^-rig 

[03] *9SW0lttMI3«>*ia»j*TH 
[04] *HB8©H«S«iJ4©ll!fiE*^-r0 
[05] *SE©ftMy 5 ©8^***0 

[06] *%w<Dnmm60)®mz*?m 

[07] *«W©H8(5«y 1 ©j£^Hffilcfclt5iRSffl«l0 

[08] *siw©ii«i«iji ®*nftdMc&i*««ui 

ffi*£0 

[0 9 ] *£(ECDH8S0J 1 ©M&«a5Kfclt£>iRMffl!Sg0 
[010] *%^©HiSi«ij2©)2iftSSlcfett5iRMffl«8 
0 

[011] *%mtxnmia>*mMi$3mictsitzii 

Sft!fc£0 

[01 2] **W©glSS15"J2©Sa4igtc^SiRSffi«! 
0 

[013] *56^©^BSffiJ3©/£ftffi(cfctt5iKMfiS8 
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